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Q. Please state your name, and where you reside.

A. Dennis Smith, and I live in Moberly, Missouri.

Q. By whom are you employed, and in what capacity?

A. Tam employed as the Medical Director of the Emergency Department, at the
Moberly Regional Medical Center, Moberly, Missouri.

Q. What is your educational background?

A. Ireceived the degree of Doctor of Osteopathic Medicine from Des Moines
University in 1994, and I am a Board Certified Emergency Physician by the American
Board of Emergency Medicine. A copy of my CV is attached as Schedule DS-1 to my
testimony.

Q. What is the purpose of your testimony?

A. T am addressing the potential health effects of Grain Belt’s proposed
transmission line from electromagnetic fields, or EMFs, static magnetic fields, and static
electric fields. In doing so, I will be commenting on the testimony on this subject
submitted by Grain Belt’s witness Dr. Anthony Galli.

Q. What are your overall conclusions regarding the potential health effects of
the EMFs, static magnetic fields, and static electric fields from Grain Belt’s
proposed line?

A. Dr. Galli says “There is no conclusive evidence to support the contention that
EMFs from transmission lines are linked to health related risks to humans, plants, or
animals.” (Galli Direct Testimony, p. 27, 1. 4-5) I can state with just as much certainty
that there is no conclusive evidence that EMFs do not pose health related risks to humans,

plants, or animals. To the contrary there is evidence that fields produced by HVDC lines
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like the proposed Grain Belt line do cause human health effects as well as effects on
animals. World-wide, one of the principal precepts of bioethics taught to all healthcare
students is “First, Do No Harm.”

Q. Are you familiar with the material cited by Dr. Galli to support his
position that there are no adverse effects on humans, animals, or plant life due to
exposure to static or slowly varying fields produced by the proposed HVDC line?

A. Yes, I have reviewed the references mentioned by Dr. Galli and I am aware of
his interpretation of those documents. Some of these documents set levels of exposure fo
EMFs which the agency in question considers acceptable, while others comment on
health. While Dr. Galli interprets the documents to support his stand on the impact of
EMFs from transmission lines, one of those documents makes a statement of grave
concern to me as a physician.

Q. Which publication are you referring to?

A. The monograph published by the International Agency for Research on
Cancer, IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, Vol 80:
Static and Extremely Low-Frequency (ELF) Electric and Magnetic Fields (Lyon, France,
IARC Press, 2002). In the last paragraph of the document, under the heading “Overall
evaluation”, is the following conclusion: “Extremely low-frequency magnetic fields are
possibly carcinogenic to humans. (Group 2B)”

Q. What is the significance of a Group 2B classification for carcinogenic
risk?

A. This is the same Group classification held by the HIV virus and the Human

Papilloma virus which are both known to cause cancer in humans. Schedule DS-2 of my
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testimony is an excerpt from the Agents Classified By the IARC Monographs, which
indicates at page 14 of the document (page 2 of my Schedule DS-2) that the HIV virus
and the Human Papilloma virus are both listed in group 2B: “Possibly carcinogenic to
humans.” Clearly, there is considerable risk which cannot be taken lightly by physicians
or the general public.

Q. What are the elements produced by a HVDC line which you believe could
produce adverse health effects?

A. Clean Line’s fact sheet, available in their folder at their public meetings,
quotes the Electric Field at 20-30 kV/m and the Magnetic Field at 300-600 mG fora +
500 kV DC transmission line. (Schedule DS-3)

One paper published by a non-biased source reports that a +450kV HVDC line
will produce about 25 microTelsa of Electromagnetic Field. (Schedule DS-4, p. 842)
This level of EMF is above safe exposure levels recommended in scientific sources and
papers since the latest reference quoted by Clean Line.

Q. Why are you convinced that the emissions of HVDC lines like the one
proposed by Clean Line are very possibly harmful to human health?

A. As a practicing Emergency Physician, [ strive to practice evidence-based
medicine. Human beings do not always respond to toxins or environmental agents in a
manner that allows us to evaluate the response using linear statistical models. Due to the
sometimes illogical response of the human organism it may take many years to make the
connection between a harmful stimulus or toxin and the adverse health event. An
example is asbestos which was used for years to protect our most vulnerable from fire

only to discover that we had infroduced a very harmful toxin into their lives,
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Q. Is there any particular report which leads you to believe that the level of
EMF at issue here might be harmful?

A. A review of the Biolnitiative Report in 2012 was the first document to raise
my concern over the health risks of a HVDC line. That document consists of nearly
1,500 pages, and so I am including only portions of it here, at Schedule DS-5. Dr, Galli
says he is aware of this document, but dismisses it as not being independent and
conducted by “a group of activists”. (Dr. Galli answer to data request no. 36 in MLA’s
first set of data requests to him). Actually this study quotes multiple sources and was
produced by ten medical doctors, 21 PHD’s, and 3 MsC, MA, or MPHs, Three are
former presidents of the Bioelectromagnetics Society and five are full members of the
Bioelectromagnetics Society. Two of the physicians in this group have testified multiple
times as experts regarding power lines such as this one. The Bioelectromagnetics Society
promotes the exchange of ideas to advance the science of natural and applied
electromagnetic fields in biology and medicine. Its members are scientists from
approximately 40 countries.

The Biolnitiative 2012 was written as a meta-analysis. Many of the references
specifically relating to the type of fields released by HVDC lines were read by me and the
articles referenced were peer reviewed.

Q. Areyou relying for your conclusions here only on the Biolnitiative
report?

A. No, I also focused on the literature since 2009 in addition to that quoted by the
Biolnitiative 2012 and have found additional studies that indicate adverse health effects

of exposure to the fields produced by a HVDC line.
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Q. Please list these additional studies.

A. Haleez, K. et al. (2013). To Investigate Environmental Effects of HVDC
versus HVAC Systems. J. Basic. Appl. Sci. Res., 3(8)840-843.

Fragopoulou, A. et al. (2010). Scientific Panel on Electromagnetic Field Health
Risks: Consensus Points, Recommendations and Rationales. Reviews on Environmental
Health Vol. 25, No. 4, 2010.

Blank, M. and Goodman, R. (2009). Electromagnetic Fields Stress Living Cells,
Pathophysiology 16, 71-78.

Sermage-Faure, C. etal. (2013). Childhood Leukemia Close to High-Voltage
Power Lines — the Geocap study, 2002-2007. British Journal of Cancer 1-8 (2013).

Pall, M. (2013). Electromagnetic Fields Act Via Activation of Voltage-gated
Calcium Channels to Produce Beneficial or Adverse Effects. J. Cell. Mol. Med. Vol,
XX, No. X, p. 1-9 (2013).

Cieslar, G. et al. (2007). The Influence of Static Electric Field Generated Nearby
High Voltage Direct Current Transmission Lines on Hormonal Activity of Experimental
Animals. EHE ’07 2" International Conference on Electromagnetic Fields, Health and
Environment.

Huss, A. et al, (2008). Residence Near Power Lines and Mortality From
Neurodegenerative Diseases: Longitudinal Study of the Swiss Population. Am. J.
Epidemiol 2009; 169: 167-175.

Carrubba, S. and Marino, A. (2008). The Effects of Low-Frequency
Environmental-Strength Electromagnetic Fields on Brain Electrical Activity: A Critical

Review of the Literature, Electromagnetic Biology and Medicine 27: 83-101 (2008).
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Q. Why do you question the validity of the exposure limits set by the various
agencies cited by Clean Line Energy?

A. Industry experts and engineers would have a potential for bias in
recommendations for exposure. The Biolnitiative Report, Schedule DS-5, page 5, raises
a concern that the industry view of allowable risk and proof of harm is more influential
than those of public health experts.

In November 2009 a scientific panel on Electromagnetic health risks in Seletun,
Norway concluded. “Present guidelines, such as IEE, FCC, and ICNIRP, are not adequate
to protect humans from harmful effects of chronic EMF exposure.” (Schedule DS-6)

A study by M. Blank found that EMF exposure caused release of the same stress
chemicals at a cellular level as toxins such as alcohol, toxic metals, pH changes, and
osmotic pressure changes. He concluded that the low threshold of exposure required to
produce these stress chemicals shows that the current standards are set much too high to
be considered safe. (Schedule DS-7)

Q. Is there any new evidence connecting childhood leukemia to exposure to
the fields produced by power lines?

A. Yes, there is. A 2013 report published in the British Journal of cancer was
done in a manner to reduce the chance of bias and supports the finding that Acute
Childhood Leukemia results more often when exposed to 0.4 microTelsa of
Electromagnetic field. (Schedule DS-8). An independent paper indicated the EMF
output by a +450 kV HVDC line is 25 microTelsa, sixty-two times the level associated

with childhood acute leukemia reported in this paper. (Schedule DS-4)
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Q. Is there any evidence that static electric fields or static magnetic fields are
harmful?

A. I am aware that Clean Line maintains that the fields produced by a HVDC line
are static and therefore are not the fields associated with health risks. In a discussion
with Dr. David O Carpenter, one of the experts on the Biolnitiative panel, it was pointed
out to me that by simply moving in and out of these static fields there becomes an AC
component and therefore an Electromagnetic field,

Wind velocities do not remain constant and the current demands on the receiving
end of such a DC line will not remain constant. The fluctuations in the variables of wind
speed and current demand will result in changes within the line that will produce EMFs,

In addition, a 2013 article in the Journal of Cellular and Molecular medicine
shows both therapeutic bone growth stimulation and DNA breaks through stimulation of
Voltage Gated Calcium Channels (VGCCs). This VGCC stimulation is caused by EMF,
static electric fields, static magnetic fields, and nanosecond pulses. (Schedule DS-9)
Therefore, this report clearly disputes Dr. Galli’s position that strong static magnetic
fields do not cause long-term health effects. (Dr. Galli direct testimony, p. 23, 1. 1-2)
Stimulation of bone growth and DNA breaks are classified as long-term health effects,

Q. Is there any evidence of health related risks to animals?

A. Animals are often used to first identify risk to humans; however, there is no
animal equivalent to Acute Childhood Leukemia. Clean Line maintains there are no
health related risks to humans, plants, or animals, but a study presented at the 2nd
International Conference on Electromagnetic Fields, Health and Environment indicates

otherwise.
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This study found that exposure to an Electric Field at an intensity above 16 kV/m
influenced hormonal activity of the adrenal gland, thyroid gland and testicles in
experimental animals. (Schedule DS-10) Significantly, Dr. Galli stated that the right of
way electrical field would be expected to be approximately 40 kV/m. (Galli direct
testimony page 21 lines 8-9).

Q. What other health effects are related to exposure to fields produced by
high veltage power lines?

A, A longitudinal study of the Swiss population reported in the American Journal
of Epidemiology in 2009 found an increased risk of Alzheimer’s disease in persons living
near 220-380 kV power lines. (Schedule DS-11) The proposed transmission line is +500
kV. In addition, the Biolnitiative Report discussed above lists studies which link EMF
exposure to adult leukemia, malignant melanoma, and breast cancer.

Q. The WHO study relied on by Dr. Galli cites the lack of reproducibility in
studies dealing with the effects of electric ficlds, magnetic fields and electromagnetic
fields. What is your response?

A. Earlier in my testimony 1 commented on the illogical response of the human
organism to various stimuli. A paper published in Electromagnetic Biology and
Medicine addressed the lack of consistent responses and found that nonlinear statistical
methods found biologic responses in “essentially every subject examined ....” (Schedule
DS-12, p. 98)

Q. Based on your review of the literature, are you able to state with certainty
that EMFs, Static Electric Fields and Static Magnetic Fields do or do not have

serious harmful effects on humans?



A. The practice of medicine is based on evidence. I can say with certainty that
there is enough evidence of harmful effects from EMFs, Static Electric Fields and Static
Magnetic fields that the universal premise of medicine, “First Do No Harm”, forces me to
oppese this line. Human experimentation is prohibited in medicine without complete
disclosure and acceptance of the risk by the subjects of the study. This is an experiment
that I do not consent to participate in, and granting eminent domain would be
condemning people to participate without consent.

Q. Does that conclude your testimony?

A. Yes, it does.

10



BEFORE THE PUBLIC SERVICE COMMISSION
OF THE STATE OF MISSOUR1I

In the Matter of the Application of Grain Belt Express
Clean Line LLC for a Certificate of Convenience and
Necessity Authorizing it to Construct, Own, Operate,
Control, Manage, and Maintain a High Voltage, Direct
Current Transmission Line and an Associated Converter
Station Providing an interconnection on the Maywood-
Montgomery 345 kV Transmission Line

EA-2014-0207

p o T T P g

AFFIDAVIT OF DENNIS SMITH

STATE OF MISSOURI )
COUNTY o@cﬂ_ﬁ&oﬁ N ) -

Dennis Smith, being first duly sworn on his oath states:
1. My name is Dennis Smith.

2. Attached hereto and made a part hereof for all purposes is my Rebuttal Testimony,
submitted on behalf of the Missouri Landowners Alliance.

3. I hereby swear and affirm that my answers contained in the attached testimony to the
questions therein asked, including any attachments thereto, are true and accurate to the
best of my knowledge, information and belief.

Ry

Dennls Smlth

Subscribed and sworn before me thisg ?H‘day of J-\%QU\& ](‘ , 2014,

X u-4<kw b&i e

Notary Public




Dennis Smith, DO
Medical Director, Emergency Department
Moberly Regional Meadical Center
Moberly, MO

Board Certified Emergency Medicine Physiclan by the American Board of Emergency Medicine and a
Fellow in the American College of Emergency Physicians, Fellow in the American Academy of Emergency
Physicians.

Experience and training includes dealing routinely with foxicolegic emergencies such as overdoses of prescription and
recreational drugs, toxic chemical exposures and decontamination, thermal injury, electrical injury, and

community disasters. Military deployments provided training and exposure to chemical warfare, microwave,
radiofraquency, and electromagnetic field beaming as a forn of warfare.

Job Title: Medical Director, Emergency Department, Moberly Regional Medicat Center, Moberly, Missouri
EDUCATION AND TRAINING

American Colfege of Emergency Medicine Fellow

Darnall Army Hospital, Fort Hood, Texas, June 1997-October 18389

Requisites for this title were completed while practicing, teaching residents as an Associate
Professor in Emergency Medicine, and doing research within the residency program,
Recognized as Mentor of the Year 1989 by residents in training.

internship and Residency in Emergency Medicine: June 1994-June 1997
Darnall Army Hospital, Fort Hood, Texas

Doctor of Osteopathic Medicine: June 1990-June 1894
Des Moines University, Des Moines, lowa
Graduated with honors.

Physician Assistant: August 1978-June 1980
Albany-Hudson Valley Physician Assistant Program, Troy, New York

MILITARY EXPERIENCE

United States Navy, Hospital Corpsman 1972-1976
Service as a Line Corpsman, 3rd Marine Division 11/74-11/75
Operations Eagle Pult and Frequent Wind, Viet Nam
Support for USS Mayaquez Recovery, Cambodia
Specialty Training - Hospital Corps School, San Diego,CA
- Field Medicat School, Camp Pendleton, CA

United States Amy 1894-2000

Training; Emergency Medicine

Tri-Services Combat Casualty Care Course

Desert Warfare Training Ft rwin, California

Chemical Warfare Training, Ft Irwin CA and Ft. Hood, Tx

Multinational NATO Force Training, Ft. Polk, LA

Emergency Department and Trauma Director 21st Combat Support Hospital, Tuzla,
Bosnia 1989

Awards: Humanitarian Service Award X 3

Armed Forces Expeditionary Medat X3

Amy Meritorious Service Award

Schedule DS-1
Page 1 of 1
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Group 1 Carcinogenic to humans 113
: agents
Group 2A  Probably carcinogenic to humans 66
; Grou
- P Possibly carcinogenic to humans 285
. Group 3 Not classifiable as to its carcinogenicity to 505
humans
Group 4  Probably not carcinogenic to humans 1

For definitions of these groups, please see the Preambie,

It is strongly recommended to consult the complete
Monographs on these agents, the publication date, and the
list of studies considered. Significant new information might
support a different classification.

For agents that have not been classified, no determination of
non-carcinogenicity or overall safety should be inferred.

¢ List of classifications by alphabetical order

* List of classifications by CAs® Registry Number order

* List of classifications by Group
¢ List of classifications by cancer site
. See Preventable Exposures Associated With Human Cancers

{Cogliano et al., 2011)

Although care was taken in preparing these lists, mistakes may be
present.
If you find an error, please notify us at imo@iarc.fr.

Last update: 31 March 2014

® IARC 2014 - All Rights Reserved.
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Agents Classified by the JARC Monographs, Volumes 1-110

CAS No Agent Group Volume Year
Hexachlorocyclohexanes 2B 20,8up7? 1987
000067-72-1 Hexachloroethane 2B 73 1999
000142-83-6 2,4-Hexadienal 2B 101 2013
000680-31-9 Hexamethyiphosphorarﬁide 2B 15, Sup7,. 71 1999
Human immuncdeficiency virus type 2 (infection with) 2B 67 1996
Human papillomavirus types 5 and 8 (in patients with 2B 100B 2012
epidermodysplasia verruciformis)
Human papillomavirus types 26, 53, 86, 67, 70, 73, 82 2B 100B 2012
Human papillomavirus types 30, 34, 69, 85, 97 2B 100B 2012
{NB: Classified by phylogenetic analogy to the HPV
genus alpha types classified in Group 1)
000302-01-2 Hydrazine 2B 4, 8up7, 71 1998
000058-93-6 Hydrochlorothiazide 2B 50, 108 in prep
000129-43-1 1-Hydroxyanthraguinone 2B 82 2002
(00193-39-5 Indeno[1,2,3-cdlpyrene 2B 92 2010
008004-686-4 [ron-dextran complex 2B 2, 8Sup7? 1987
000078-79-5 lsoprene 2B 60,71 1969
JC polyomavirus {(JCV) 2B 104 2013
008000-38-8 Kava extract 2B 108 in prep
(000303-34-4 Lasiocarpine 2B 10,8up? 1987
007439-82-1 Lead 2B 23,8up7? 1987
000632-99-5 Magenta 2B 57,99, 100F 2012
Magnetic fields, extremely low-frequency 2B 80 2002
068006-83-7 MeA-alpha-C (2-Amino-3-methyl-9H-pyrido[2, 3-blindole) 2B 40, Sup 7 1987
00007 1-58-9 Medroxyprogesterone acetate 2B 21, Sup7 1987
077094-11-2 MelQ (2-Amino-3,4-dimethylimidazo[4,5-fiquinocling) 2B 58 1993
077500-04-0 MelQx (2-Amino-3,8-dimethylimidazoi4,5-flguinoxaline) 2B 56 1993
000531-76-0 Merphalan 2B 9, 8up7? 1987
000124-58-3 Methylarsonic acid 2B 100C 2012
000075-55-8 2-Methylaziridine (Propyleneimine) 2B 5, Sup7, 71 1999
000592-62-1 Methylazoxymethanol acetate 2B 10,Sup7 1987
003697-24-3 5-Methyichrysene 2B 92 2010
000838-88-0 4,4'-Methylene bis(2-methylaniline) 2B  4,8up7 1987
000101-77-9 4,4'-Methylenedianifine 2B 39, 8up? 1987
000093-15-2 Methyleugenol 2B 101 2013
000693-98-1 2-Methylimidazole 2B 101 2013
000822-36-6 4-Methylimidazole 2B 101 2013
000108-10-1 Methyl isobutyl ketene 2B 101 2013

14
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F1""' ANDING ELECTRI AND MAGNETIC FIELDS OF HVD LINE A

High voltage direct current (HVDC) transmission lines offer significant electrical. economic. and environmental advantages for the
transport of electricify over long distances. HVDC is & well-established technology with decades of safe and reliable operation
across the world. HVDC is particularly well-suited to transport large amounts of renewable power generated

in remote areas over long distances to demand centers.

Currently. there are more than 20 HVDC transmission

facilities in the United States and more than 35 across the

North American eleetric grid.

STATIC ELECTRIC AND MAGNETIC

FIELDS

The electric and magnetic Fields produced by direct current {DC) lines are referred to as smtic fields because their sources, voltage
and current. do not alternate over time. Thus. DC fields are

qualitativer different in nature than the alternating current (AC) electric and magnetic fields (often catled EMF) produced by AC
transmission lines. While AC EMF can cause the induction

of currents or voltages in nearby objects. this does not ocenr with DC fields, DC electric and magnetic fields are identical
to those found in the natural environment.i i

Static Electric Fieids

Static electric fields occur as a resuit of voltage. Natural sources of static eleciric fields include the electric fields
produced by the charge on a body afier shuffling across a carpet or the “static cling" found on clothing.1

Static Magnetic Fields

Static magnetic fields result from the flow of DC electricity. The steady flow of currents in the Eartly's core produces the
static“geomagnetic” Held that causes a compass to point

norm. Common sources of static magnetic fields much stronger than those associated with DC transmission lines include
permanent magnets, battery-powered appiiances {e.g..teicphones. electric tooth brushes, hearing aids’ laptops, etc.} and some
electrified railway sysveems..1

Static electric and magnetic levels close to common sources.

1

Source Fleld Level

Friction from walking across carnet lat body sui-facci | Un Lo 500 ka

screen (an 30 centimeters) | [0-20 kam

i 500 kV DC transmission line (sanding beneath | 20kg@ kwm

Source | Magnetic Field Level

| 8.000.000-10.000,000 mG

mG

108040,00@ mG

Electrified railways | [ 0.000 mG

The Earth | BOILTOU mG

transmission line (sanding beneath I m6

Schedule DS-3
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MRI mnchmes
RESEARCH ON THE IMPACT OF STATIC FIELDS

Much of the research on static fields has focused on the strong magnetic fields associated with certain occupational exposures and
the operation of MRI machines. The Intemational Agency for Research on Cancer (IARCP, the World Health Organization
(WHOP, and have all concluded that the current

body of research does not indicate that strong static electric or magnetic fields cause long-term health effects.

Research has also been conducted to assess the impact of DC transmission Hines on farm and ranching operations. Noteworthy
Findings from this research include:

D A 400 kV DC line did not affect crops, vegetation. or

nearby wildlife: nor were the fields perceived by persons walking on the right-of-way f
No differences were found between cattle and crops

raised under 1300 kV DC transmission lines and those

raised away from the lines:f

i Muitiple indicators of herd health did not differ between

periods before and after a nearby :£400 kV DC line was energized or with distance from the line in a study of over 500 herds of
dairy carrieB

AAam .

T DC transmission lines are not connected fo AC distribution systems.. Therefore

they :are nof sources ofAC voltages on farm oi' building equipment that can cause disturbances to livestock (Le. stray voltage).
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CORONA PHENOMENA

Corona refers to the partial electrical breakdown of the air
SHIELD WIRE

Protects the line from a lightmng sinks to prevent

by the electric This breakdown results in the release of

the electric fleld. This breakdown resulis in the release of y . leuLm-on / small amounts of energy that may be detected near the
Ime escemciry from

-.1-_-.11she" ei'lfoit-mg from

as audible noise and "static” on radio and analog television I receivers. The US Environmental Protection Agency (EPA) |
CONDUCTOR " and the Institute of Electrical and Electronic Engineers (IEEE) | Carnes eiecmciry.,

have established guidelines for the production of such noise | “Rum-URE

and static, which are met in the design and construction of a | SUPF'ONs transmission ‘mes
HVDC transmission line.

A DC transmisslon Ime has two conductor bundles catl-:rd “pota-s." Conductors.

n-ansi'usimon line s referred to als a “*£500 kV
DC transmission Ime. combustion phenomena. Some air ions from DC transmission

lines remain in the air for seconds before contacting an REFERENCES

kV DCTmnsmission Line in Oregon.A Report by che Western Interstate Commission Higher Education for the Bonneville Power'
Administmtion. The static fields of DC transmission lines are too weak to

7. Raieigh R1. HVDC Agrlculrurai Study: Final Repofl. Oregon Slate

Unwersity, Report iur Bnnevilic Power
Administration. cardlac pacemakers. As already noted. the corona from s, Mmm Fs. BenderAseumagee @Remmen RAM as,
fesaepldemiologic

- - study of Holstein dairy cow performance and reproduction near a highvoltage DC transmlsslon lines can Produce
AM retle and analog direct. current powerline.JToxicol Environ Heath [91303-324.

affect the operation of impianted medical devices Such as

TV picture signal interference. This interference is typically limited to within approximately [00 feet of the transmission
tine. Due to right-of-way requircments, such hoisc

.C ean ineener .com

tines without issue. Thus, the possibility of interference with

the operation of such devices is unlikely.
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ABSTRACT

Alternating current (AC) has few drawbacks which have increased the demand of Direct current (DC)
Transmission. The normal HVAC range is between 220-800 kV .This high voltage has to pass
different types of terrains including settled area, mountains and water. It i3 quite clear that human
beings and environtment will be effected from this huge voltage. The common effects of these huge
voltages are magnetic fields, electric fields, corona effects, RF interference, acoustic noise, and
electromagnetic interference. This paper discusses the technical details of high voltage DC (HVDC)
transmission versus high voltage AC (HVAC) transmission in terms of environmental effectson
people and surrounding..

KEYWORDS:HVDC Transmission, High Voltage transmission, Corona effects, Electric fields.

1. INTRODUCTION

Due to generation of electricity, Electric and magnetic fields (EMF) are created. Magnetic
fields and Electric fields are formed due to motion and presence of electric ¢harges .These time
varying fields are influenced by number of parameters such as magnitude, phase frequency and
direction. Electric transmission is basically the transfer of electrical power in bulk form from
generating units fo substations located near to Load centers. The interconnection of Transmission
lines forms together HVAC transmission networks. The transmission Network is nanmed as "power
grids" in the USA, while in the UK these networks is called "national grid.” It is a usual practice to
step up voliage above 110 kV in order to reduce the loss in energy during far away iransmission.

An electromagnetic field consists of electric and the magnetic fields. The electric field does
not depends on the amount of current flowing through conductors but depends on potential
difference between charge-carrying bodies where as magnetic field has a relation with the amount of
electric current passing through the conductor irrespective of the presence of voltage.

Electric field strength is normally measured in (Volt/meter) or in kv per meter (1
kilovolt/meter = 1000 V/m). Magnetic fields are normally represented by magnetic flux density (B) or
magnetic field strength (F); both have a direct proportion to the magnitude of the current. B is
calculated in the oenhmeter-gram-second unit, the gauss (G), or the unit of the System International

(8D, thetesla (T); 1 mG=1x 10 G=0.1uT. His caiculated in ST units of (Amperes/meter). B and

H forms a relationship: B = u0H, where u0 = 1.26 X 10 H/meter is the magnetic permeability of a

vacuum, Normally, 0 remains the same for air and human tissues, and onty one of the variables, B or

H, need to be calculated. Magnetic field refers to the magnetic flux density in microtesta (pT; 1 pT =
-6

1x 10 T), current voltage, and magnetic flux are taken in {root mean square value) as shown in eqt

).
=T
| 2
B = Yy f _Bepd @

Where B(t) refers magnetic flux density and T is the time for an integral over a number of
periods of the fundamental frequency.

Typical 60 Hz or 50 Hz electric fields are less than 100 V/m in homes and are not greater
than 10 kV/m beneath a high voltage Power ling i.e. 500 Kv. However the Line staff and those p;:ople

who work very close to high pewer line can experience internal electric fields in the range of 10 V/m

[
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This research paper examines the effects of HVDC versus HVAC Transmission systems on
environment and people.
1L PROBLEM STATEMENT

Nancy Wertheimer and ED Leeper were the first authors to show a possible refation between
childhood cancer and High Electric lines (HVAC) when they published their paper in 1979 [9]. They
abserved that due to high power lines childhood cancer might increases. After that other authors from
different countries including USA, Canada, New Zealand, have investigated the effects of Low
Frequency Magneiic Fields (ELF - MF) on childhood diseases. Although difference discases’ like
cenfral nervous system fumor, Leukemia in chifdren were deeply investigated but acute lymphobiast
leukemia (ALL) in children was their main focus,

In order to estimate the intensity of Electromagnetic fields Scandinavian authors Feychting
and Ahlbom (1993) [10], Olsen et al (1993) [11], Verkasallo et al (1993) [12], and Tynes and
Haldorsen (1997} [13], used calculations based methods. As according to early findings which
indicated an increased danger of childhood diseases (Wertheimer 1979) and other Authors
concluded that there is a decreased risk of Cancer related diseases’ among children exposed to
Magnetic field generated by Low Electric lines inside homes (Ofsen 1993, Verkasalo 1993, Tynes
1997).However Children living in developing comtries in industrial cities are direcily exposed to
High voltage Power lines due to negligenee in housing safety precautions is very dangerous to their
health. [2].

In Paper [2-3] it is clearly investigated that there is increased danger of ALL {(acute
lymphocytic leukemia) due to residing near high voliage overhead Electric lines. Risk factor has a
direct relationship with the magnitude of voltage of the Electric lines i.e 132 KV, 230 KV 400 KV
and 800 KV. Normally Distance of 600 m away from Electric lines lower the danger of ALL (acute
lymphocytic leukemia) by 0.61folds. Draper investigates that distance of 600 meter is the thresh hold
value for measuring risk factor (Draper et al., 2005) [14] i

Table 1, shows number of cases of Leukemia and central nervous system tumor among
people living close to (220- 400) kV eleciric lines in Sweden is shown [4].

Table 1.Number of cases
in Sweden 1960-1985

! Legkemia 3

i AML 72

VOME b e 87

LALL 14
SCLL e R s & 71
Other 50
CNS Tumeor 223

*AML = acute myelold,CML~chronic myeloid levkemia , ALL =acute lymphocytic leukemia ,
CLL= chronic lymphocytic leukemia.

III. HIGH VOLTAGE DC YERSUS HIGH VOLTAGE ACIN TERMS OF
ENVIRONMENTAL EFFECTS

High Voltage Direct Current (HVDC) technology is suitable for certain applications due to
its certain advanfages, It is mosily suvitable for long-distance, weak link interconnections and
underwater crossings. . Due to availability of polyphase circuits and Induction Motors in 1880s and
1890s DC lost its initial supremacy and alternating current (AC) defeated the DC due to its greater
use.The HVDC projects implemented or under consideration around the world have raised showing
interest in the ability of this modern technology

HVDC transmission systems uses fwo technologies ong is voltage sourced converters (VSC),
And other is current source convetters (CSC).
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High voltage Transmission line has two important parameters Current and voltage .Due to
skin effect phenomena the conductor DC resistance is Iess than conductor AC resistance which results
in greater loss for AC transmission [5-6].

The combine effects of high voltage transmission systems which include acoustic noise,
magnetic fields, corona effects, RF interference, electric fields, and electromagnetic interference, is
compared with respect to AC and DC transmissionin the following section.

A, MAGNETIC FIELD:
The magnetic ﬂux density is in mverse proportlonrto the distance from the conductor. For £
- ( i 5 [T, whereas the magnetic field strength of

an AC E]-ectnc fine changes from 10 to 50 u’l‘

B, ELECTRIC FIELD:

The AC Conductor has its peak electric field beneath the conductor around 20 kV/meter for a +
450 kV Electric line, The electric field normally changes according to weather and also increases and
decreases with humid temperature. DC has fewer electric field problems compare with that of AC
because of the constant current phenomena; thus HVDC needs less right-of way (ROW) than horizontal
HVAC apparatus and lower Tower height compare with HVAC Electric line of similar rating. To find the
ionic current passing through a human being standing beneath an HVDC line at voltage level of £1000
kV (kilo-Volts) and the capacitive current beneath an HVAC line at a voltage 1150 kV measurements
were calculated. These tests concluded that difference in curmrent between the fwo systems was
approximately 100-fold (2-3 pA for the HVDC line and 0.2 mA for the HVAC ling) [6-7].

C. CORONA:

Corona effects generated on the surface of Electric power lines produces radiated noise.
Corona process depends on the magnitude of the electric field strength, its surface characteristics, the
diameter of the line, and weather conditions. Corona effect is produced only by conductors having
positive poles in HVDC Systems whereas in an HVAC transmission systems Corona is produced by
three phases of A,

D. RADIO, TV, AND TELEPHONE INTERFERENCE:

Parasitic current which is produced due to fast switching process of Thyristor valves (High
voltage DC Converters) involving voltage changes and commutation process produces harmonics in
the kilohertz and megahertz area of the radio-frequency spectrum. Due to Converter Transformers
these high frequencies transfer to the Electric lines. Radio interference is normally lowered by
electromagnetic shielding of the Thyristor valves. The radio-interference level of an HVDC over head
Electric line is less compare with HVAC overhead Electric line. The value is 40 dB (pV/m) for
0.5MHz, 300 meter away from a conductor for HVDC, and it is 50 dB (pV/m) for 380 kV HVAC
overhead Electric line {6-7].

E. ACOUSTIC NOISE:

The allowable limit of the acoustic noise is generally between 35 and 45 dB (A) but it
depends on the local atmosphere for any industrial plant . The HVDC transmission sysiem is
composed of many equipments and parts which can create noise. Transformer is the main source for
the production of noise, and this noise is due to the core flux density. Due to converter transformers,
sum of load noises is approximately 10 dB {A) higher than the no load noises, and the frequency
content of the emitted noise is evenly spread over 300 to 3000 Hz. The noise problem can be solved
with the help of best quality standard equipments, to shield a room or separate the noise producing
equipment by a distance. A common HVDC system has a noise intensity less than 10 dB (A) at a
distance around 350 m .Bad weather can decrease the Noise levels in a HVDC Electric lines, unlike
the noise levels on HVAC Electric lines [8].

1v, CONCLUSION AND FUTURE WORK

This paper clearly shows that there is little risk of magnetic fields by ordinary domestic
electric lines but high voltage Electric power lines is a great danger in this regard. High Electric lines
above 132Kv can be potential hazards to human beings and children if proper safety distance and
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precautions are not maintained. The HVDC and HVAC comparison shows that former has fewer
effects on the human beings and environment, thus making HVDC systems friendlier and less hazards
to environmen.

In future, we are interrested to inverstigate the hazards discussed in this work using sensors
[t5} and {16].
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PREFACE

Today, the Biolnitiative 2012 Report updates five years of science, public health, public policy
and global response to the growing health issue of chronic exposure to electromagnetic fields and
radiofrequency radiation in the daily life of billions of people around the world.

The Biolnitiative 2012 Report has been prepared by 29 authors from ten countries*, ten holding
medical degrees (MDs), 21 PhDs, and three MsC, MA or MPHs. Among the authors are three
former presidents of the Bioelectromagnetics Society, and five full members of BEMS. One
distinguished author is the Chair of the Russian National Committee on Non-lonizing
Radiation. Another is a Senior Advisor to the European Environmental Agency. As in 2007,
each author is responsible for their own chapter.

The great strength of the Biolnitiative Report (www.bioinitiative.org) is that it has been done
independent of governments, existing bodies and industry professional societies that have clung
to old standards. Precisely because of this, the Biolnitiative Report presents a solid scientific and
public health policy assessment that is evidence-based.

The Biolnitiative Report was first posted in August 2007. It still has a significant international
viewing audience. Each year, about 100,000 people visit the site. In the five years since it’s
publication, the Biolnitiative website has been accessed over 10.5 million times, or four times
every minute. Every five minutes on the average, a person somewhere in the world has logged
on. More than 5.2 million files and 1 million pages of information has been downloaded. That
is equivalent to more than 93,000 full copies of the 650+ page report (288.5 million kbytes).

The global conversation on why public safety limits for electromagnetic and radiofrequency
fields remain thousands of time higher than exposure levels that health studies consistently show
to be associated with serious health impacts has intensified since 2007. Roughly, 1800 new
studies have been published in the last five years reporting effects at exposure levels ten to
hundreds or thousands of times lower than allowed under safety limits in most countries of the
world. Yet, no government has instituted comprehensive reforms. Some actions have been
taken that highlight partial solutions. The Global Actions chapter presents milestone events that
characterize the international ‘sea change’ of opinion that has taken place, and reports on
precautionary advice and actions from around the world.

* Sweden (6), USA (10), India (2), Italy (2), Greece (2), Canada (2), Derntlte (B! RubiFia 72),
Slovac Republic (1), Russia (1)
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The world’s populations — from children to the general public to scientists and physicians — are
increasingly faced with great pressures from advertising urging the incorporation of the latest
wireless device into their everyday lives. This is occutring even while an elementary
understanding the possible health consequences is beyond the ability of most people to grasp.
The exposures are invisible, the testing meters are expensive and technically difficult to operate,
the industry promotes new gadgets and generates massive advertising and lobbying campaigns
that silence debate, and the reliable, non-wireless alternatives (like wired telephones and utility
meters) are being discontinued against public will. There is little labeling, and little or no
informed choice. In fact there is often not even the choice to stay with safer, wired solutions, as
in the case of the ‘smatt grid’ and smart wireless utility metering, an extreme example of a failed
corporate-governmental partnership strategy, ostensibly for energy conservation.

A collision of the wireless technology rollout and the costs of choosing unwisely is beginning
and will grow. The groundwork for this collision is being laid as a result of increased exposure,
especially to radiofrequency fields, in education, in housing, in commerce, in communications
and entertainment, in medical technologies and imaging, and in public and private transportation
by air, bus, train and motor vehicles. Special concerns are the care of the fetus and newborn, the
care for children with learning disabilities, and consideration of people under protections of the
Americans With Disabilities Act, which includes people who have become sensitized and
physiologically intolerant of chronic exposures. The 2012 Report now addresses these issues as
well as presenting an update of issues previously discussed.

Signed%%w ; ZJ l’{M 9/A'.\/S-igned:&0"‘«“'/\/A%f;/

David Carpenter, MD Cindy Sage, MA
Co-Editor Co-Editor
Biolnitiative Report Biolnitiative Report
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I. SUMMARY FOR THE PUBLIC
A. Introduction

You cannot see it, taste it or smell it, but it is one of the most pervasive environmental exposures
in industrialized countries today. Electromagnetic radiation (EMR) or electromagnetic fields
(EMF's) are the terms that broadly describe exposures created by the vast array of wired and
wireless technologies that have altered the landscape of our lives in countless beneficial ways.
However, these technologies were designed to maximize energy efficiency and convenience; not
with biological effects on people in mind, Based on new studies, there is growing evidence

among scientists and the public about possible health risks associated with these technologies.

Human beings are bioelectrical systems. Our hearts and brains are regulated by internal
bioelectrical signals. Environmental exposures to artificial EMFs can interact with fundamental
biological processes in the human body. In some cases, this can cause discomfort and disease.
Since World War 1, the background level of EMF from electrical sources has risen exponentially,
most recently by the soaring popularity of wireless technologies such as cell phones {two billion
and counting in 2006), cordless phones, WI-FI and WI-MAX networks. Several decades of
international scientific research confirm that EMFs are biologically active in animals and in

humans, which could have major public health consequences.

In today’s world, everyone is exposed to two types of EMFs: (1) extremely low frequency
electromagnetic fields (ELF) from electrical and electronic appliances and power lines and (2)
radiofrequency radiation (RF) from wireless devices such as cell phones and cordless phones,
cellular antennas and towers, and broadcast transmission towers. In this report we will use the
term EMFs when referring to all electromagnetic fields in general; and the terms ELF and RF
when referring to the specific type of exposure. They are both types of non-ionizing radiation,
which means that they do not have sufficient energy to break off electrons from their orbits
around atoms and ionize (charge) the atoms, as do x-rays, CT scans, and other forms of ionizing
radiation. A glossary and definitions are provided in Section 18 to assist you. Some handy
definitions you will probably need when reading about ELF and RF in this summary section (the

language for measuring it) are shown with the references for this section.
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B. Purpose of the Report

This report has been written by 14 {fourteen) scientists, public health and public policy
experts to document the scientific evidence on electromagnetic ficlds. Another dozen
oufside reviewers have looked at and refined the Report.

The purpose of this report is to assess scientific evidence on health impacts from
electromagnetic radiation below current public exposure limits and evaluate what changes
in these limits are warranted now to reduce possible public health risks in the future,

Not everything is known yet about this subject; but what is clear is that the existing public
safety standards limiting these radiation levels in nearly every country of the world look to
be thousands of times too lenient. Changes are needed.

New approaches are needed to educate decision-makers and the public about sources of
exposure and to find alternatives that do not pose the same level of possible health risks,
while there is still time to make changes,

A working group composed of scientists, researchers and public health policy professionals (The
Biolnitiative Working Group) has joined together to document the information that must be
considered in the international debate about the adequacy (or inadequacy) of existing public
exposure standards.

This Report is the product of an international research and public policy initiative to give an
overview of what is known of biological effects that occur at low-intensity EMFs exposures (for
both radiofrequency radiation RF and power-frequency ELF, and various forms of combined
exposures that are now known to be bioactive). The Report examines the research and current
standards and finds that these standards are far from adequate to protect public health.

Recognizing that other bodies in the United States, United Kingdom, Australia, many European
Union and eastern European countries as well as the World Health Organization are actively
debating this topic, the Biolnitiative Working Group has conducted a independent science and
public health policy review process. The report presents solid science on this issue, and makes
recommendations to decision-makers and the public. Conclusions of the individual authors, and
overall conclusions are given in Table 2-1 (Biolnitiative Overall Summary Chart}.

Eleven (11) chapters that document key scientific studies and reviews identifying low-intensity
effects of electromagnetic fields have been written by members of the Biolnitiative Working
Group. Section 16 and 17 have been prepared by public health and policy experts. These sections
discusses the standard of evidence which should be applied in public health planning, how the
scientific information should be evalvated in the context of prudent public health policy, and
identifies the basis for taking precautionary and preventative actions that are proportionate to the
knowledge at hand. They also evaluate the evidence for ELF that leads to a recommendation for
new public safety limits (not precautionary or preventative actions, as need is demonstrated).
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Other scientific review bodies and agencies have reached different conchisions than we have by
adopting standards of evidence so unreasonably high as to exclude any conclusions likely to lead
to new public safety limits. Some groups are actually recommending a relaxation of the existing
(and inadequate) standards. Why is this happening? One reason is that exposure limits for ELF
and RF are developed by bodies of scientists and engineers that belong to professional societies
who have traditionally developed recommendations; and then government agencies have adopted
those recommendations. The standard-setting processes have little, if any, input from other
stakeholders outside professional engineering and closely-related commercial interests, Often,
the industry view of allowable risk and proof of harm is most influential, rather than what public
health experts would determine is acceptable.

Main Reasons for Disagreement among Experts

1) Scientists and public health policy experts use very different definitions of the standard of
evidence used to judge the science, so they come to different conclusions about what to
do. Scientists do have a role, but it is not exclusive and other opinions matter.

2) We are all talking about essentially the same scientific studies, but use a different
way of measuring when “enough is enough” or “proof exists”.

3) Some experts keep saying that all studies have to be consistent (furn out the same way
every time) before they are comfortable saying an effect exists,

4} Some experts think that it is enough to look only at short-term, acute effects.

5} Other experts say that it is imperative we have studies over longer time (showing the
effects of chronic exposures) since that is what kind of world we live in.

6) Some experts say that everyone, including the very young, the elderly, pregnant women,
and people with illnesses have to be considered — others say only the average person (or
in the case of RF, a six-foot tall man) matter.

7) There is no unexposed population, making it harder to see increased risk of diseases.

8) The lack of consensus about 2 single biological mechanism of action.

9) The strength of human epidemiological studies reporting risks from ELF and RF
exposures, but animal studies don’t show a strong toxic effect.

10) Vested interests have a substantial influence on the health debate,

Public Policy Decisions
Safety limits for public expostre to EMFs need to be developed on the basis of interaction among
not only scientists, but also public health experts, public policy makers and the general public.

“In principle, the assessment of the evidence should combine with judgment based on other
societal values, for example, costs and benefits, acceptability of visks, cultural preferences, efc.
and result in sound and effective decision-making. Decisions on these matters are eventually
taken as a function of the views, values and interests of the stakeholders participating in the
process, whose opinions are then weighed depending on several factors. Scientific evidence
perhaps carries, or should carry, relatively heavy weight, but grants no exclusive status;
decisions will be evidence-based but will also be based on other factors.” (1)

The clear consensus of the BioInitiative Working Group members is that the existing public

safety Emits arc inadequate for both ELY and RY.
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These proposals reflect the evidence that a positive assertion of safety with respect to
chronic exposure to low-intensity levels of ELF and RF cannot be made. As with many
other standards for environmental exposures, these proposed limits may not be totally
protective, but more stringent siandards are not realistic at the present time. Evena
small increased risk for cancer and neurodegenerative diseases transiates into an enormous
public health consequence. Regulatory action for ELF and preventative actions for RF are
warranted at this time to reduce exposures and inform the public of the potential for
increased risk; at what levels of chronic exposure these risks may be present; and what

measures may be taken to reduce risks.

C. Problems with Existing Public Health Standards (Safety Limits)

Today’s public exposure limits for telecommunications are based on the presumption that heating
of tissue (for RF) or induced electric currents in the body (for ELF) are the only concerns when
living organisms are exposed to RF. These exposures can create tissue heating that is well known
to be harmful in even very short-term doses. As such, thermal limits do serve a purpose. For
example, for people whose occupations require them to work around radar facilities or RF heat-
sealers, or for people who install and service wireless antenna tower, thermally-based limits are
necessary to prevent damage from heating (or, in the case of power-frequency ELF from induced
current flow in tissues). In the past, scientists and engineers developed exposure standards for
electromagnetic radiation based what we now believe are faulty assumptions that the right way to
measure how much non-onizing energy humans can tolerate (how much exposure) without harm
is to measure only the heating of tissue (RF) or induced currents in the body (ELF).

In the last few decades, it has been established beyond any reasonable doubt that bioeffects and
some adverse health effects occur at far lower levels of RF and ELF exposure where no heating
(or induced currents) occurs at all; some effects are shown to occur at several hundred thousand
times below the existing public safety limits where heating is an impossibility.

It appears it is the INFORMATION conveyed by electromagnetic radiation (rather than
heat) that causes biological changes - some of these biological changes may lead to loss of

wellbeing, disease and even death,

Effects occur at non-thermal or Jow-intensity exposure levels thousands of times below the levels
that federal agencies say should keep the public safe, For many new devices operating with
wireless technologies, the devices are exempt from any regulatory standards. The existing
standards have been proven to be inadequate to control against harm from low-intensity, chronic
exposures, based on any reasonable, independent assessment of the scientific literature. It means
that an entirely new basis (a biological basis) for new exposure standards is needed. New
standards need to take into account what we have learned about the effects of ELF and RF (all
non-ionizing clectromagnetic radiation and to design new limits based on biologically-

6

Schedule DS-5
Page 8 of 77




UETTIONSITAICA CLICCAS Uldi drS HDPUrai w0 propal HUIOEICAL ILICLIUIL fLE SYIHE, ULEalBIaD. 1D
vital to do so because the explosion of new sources has created unprecedented levels of artificial
electromagnetic fields that now cover all but remote areas of the habitable space on earth. Mid-
course corrections are needed in the way we accept, test and deploy new technologies that expose
us to ELF and RF in order to avert public health problems of a global nature.

Recent opinions by experts have documented deficiencies in current exposure standards. There is
widespread discussion that thermal limits are outdated, and that biologically-based exposure
standards are needed. Section 4 describes concerns expressed by WHO, 2007 in its ELF Health
Criteria Monograph; the SCENTHR Report, 2006 prepared for the European Commission; the UK
SAGE Report, 2007; the Health Protection Agency, United Kingdom in 2005; the NATO
Advanced Research Workshop in 2005; the US Radiofrequency Interagency Working Group in
1999; the US Food and Drug Administration in 2000 and 2007, the World Health Organization
in 2002; the International Agency for Cancer Research (IARC, 2001), the United Kingdom
Parliament Independent Expert Group Report on Mobile Phones — Stewart Report, 2000) and
others.

A pioneer researcher, the late Dr. Ross Adey, in his last publication in Bicelectromagnetic
Medicine (P. Roche and M, Markov, eds, 2004) concluded:

“There are major unanswered questions about possible health risks that may arise from
exposures to various man-made electromagnetic fields where these human exposures are
intermittent, recurrent, and may extend over a significant portion of the lifetime of the
individual.”

“Epidemiological studies have evaluated ELF and radiofrequency fields as possible risk
Jactors for human health, with historical evidence relating rising risks of such factors as
progressive rural electrification, and more recently, to methods of electrical power
distribution and wiilization in commercial buildings. Appropriate models describing
these bioeffects are based in non-equilibrivm thermodynamics, with nonfinear
electrodynamics as an integral feature. Heating models, based in equilibrium
thermodynamics, fail to explain an impressive new frontier of much greater significance.
«-.. Though incompletely understood, tissue free radical interactions with magnetic fields
may extend io zero field levels.” (2)

There may be no lower limit af which exposures do not affect us, Until we know if
there is a lower limit below which biceffects and adverse health impacts do not
occur, it is unwise from a public health perspective to continue “business-as-usual”
deploying new technologies that increase ELF and RFE exposures, particularly
involuntary exposures.
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1I. SUMMARY OF THE SCIENCE

A. Evidence for Cancer

1. Childhood Levkemia
The evidence that power lines and other sources of ELF are consistently associated with higher
rates of childhood leukemia has resulted in the International Agency for Cancer Research (an arm

of the World Health Organization) to classify ELF as a Possible Human Carcinogen (in the Group
2B carcinogen list). Leukemia is the most common type of cancer in children.

There is little doubt that exposure to ELF ¢auses childhood leukemia,

The exposure levels for increased risk are quite low — just above background or ambient levels
and much lower than current exposure limits. The existing ICNIRP limit is 1000 mG (904 mG in
the US) for ELF. Increased risk for childhood leukemia starts at levels alivtost one thousand times
below the safety standard. Leukemia risks for young boys are reported in one study to double at
only 1.4 mG and above (7) Most other studies combine older children with younger children (0
to 16 years) so that risk levels do not reach statistical significance until exposure levels reach 2
mGor 3 mG. Although some reviews have combined studies of childhood leukemia in ways
that indicate the risk level starts at 4 mG and above; this does not reflect many of the studies
reporting elevated risks at the lower exposure levels of 2 mG and 3 mG.

2. Other Childhood Cancers

Other childhood cancers have been studied, including brain tumors, but not enough work has

been done to know if there are risks, how high these risks might be or what exposure levels might
be associated with increased risks. The lack of certainty about other childhood cancers should not
be taken to signal the “all clear”; rather it is a lack of study.

The World Health Organization ELF Health Criteria Monograph No 322 (2007) says that other
childhood cancers “cannot be ruled out”. (8)

There is some evidence that other childhood cancers may be related to ELF

exposure but not enough studies have been done.

Several recent studies provide even stronger evidence that ELF is a risk factor for childhood
leukemia and cancers later in life. In the first study (9), children who were recovering in high-
ELF environments had poorer survival rates (a 450% increased risk of dying if the ELF fields
were 3 mG and above). In the second study, children who were recovering in 2 mG and above
ELF environments were 300% more likely to die than children exposed to 1 mG and below. In
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this second study, children recovering in ELF environments between 1 and 2 mG also had poorer
survival rates, where the increased risk of dying was 280%. (10) These two studies give powerful
new information that ELF exposures in children can be harmful at levels above even 1 mG. The
third study looked what risks for cancer a child would have later in life, if that child was raised in
a home within 300 meters of a high-voltage electric power line. (11) For children who were
raised for their first five years of life within 300 meters, they have a life-time risk that is 500%
higher for developing some kinds of cancers.

Children who have leukemia and are in recovery have poorer survival rates if their
ELF exposure at home (or where they are recovering) is between ImG and 2 mG in

one study; over 3 mG in another study.

Given the extensive study of childhood leukemia risks associated with ELF, and the relatively
consistent findings that exposures in the 2 mG to 4 mG range are associated with increased risk to
children, a 1 mG limit for habitable space is recormmended for new construction. While it is
difficuit and expensive to retrofit existing habitable space to a 1 mG level, and is also
recommended as a desirable target for existing residences and places where children and pregnant
women may spend prolonged periods of time.

New ELF public exposure limits are warranted at this time, given the existing

scientific evidence and need for public health policy intervention and prevention.

3. Brain Tumors and Acoustic Newromas

Radiofrequency radiation from cell phone and cordless phone exposure has been linked in more
than one dozen studies to increased risk for brain tumors and/or acoustic neuromas (a tumor in the
brain on a nerve related to our hearing).

People who have used a cell phone for ten years or more have higher rates of malignant
brain tuntor and acoustic neuromas. It is worse if the cell phone has been used primarily

on one side of the head.

For brain tumors, people who have used a cell phone for 10 years or longer have a 20% increase
in risk (when the cell phone is used on both sides of the head). For people who have used a cell
phone for 10 years or longer predominantly on one side of the head, there is a 200% increased
risk of a brain tumor. This information relies on the combined resuits of many brain tumor/cell
phone studies taken together (a meta-analysis of studies).
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People who have used a cordless phone for ten years or more have higher rates of malignant
brain tumor and acoustic neuromas. It is werse if the cordiess phone has been used

primarily on one side of the head,

The risk of brain tumor (high-grade malignant glioma) from cordless phone use is 220% higher
(both sides of the head), The risk from use of a cordless phone is 470% higher when used mostly
on only one side of the head.

For acoustic neuromas, there is a 30% increased risk with cell phone use at ten years and longer;
and a 240% increased risk of acoustic neuroma when the cell phone is used mainly on one side of
the head. These risks are based on the combined results of several studies (a meta-analysis of
studies).

For use of cordless phones, the increased risk of acoustic neuroma is three-fold higher {310%)
when the phone is mainly used on one side of the head.

The current standard for exposure to the emissions of cell phones and ¢erdless phones is not

safe considering studies reporting long-term brain tumoyx and acoustic neuroma risks.

Other indications that radiofrequency radiation can cause brain tumors comes from exposures to
low-level RF other than from cell phone or cordless phone use. Studies of people who are
exposed in their work {occupational exposure) show higher brain tumor rates as well. Kheifets
(1995) reported a 10% to 20% increased risk of brain cancer for those employed in electrical
occupations. This meta-analysis surveyed 29 published studies of brain cancer in relation to
occupational EMFs exposure or work in electrical occupations. (6). The evidence for a link
between other sources of RF exposure like working at a job with EMFs exposure is consistent
with a moderately elevated risk of developing brain tumors.

4. Other Adult Cancers

There are multiple studies that show statistically significant relationships between occupational
exposure and leukemia in adults (see Chapter 11), in spite of major limitations in the exposure
assessment. A very recent study by Lowenthatl et al. (2007) investigated letkemia in adults in
relation to residence near to high-voltage power lines. While they found elevated rigk in all

adults living near to the high voltage power lines, they found an OR of 3.23 {95% CI = 1.26-8.29)
for individuals who spent the first 15 years of life within 300 m of the power line. This study
provides support for two important conclusions: adult leukemia is also associated with EMF
exposure, and exposure during childhood increases risk of adult disease.

A significant excess risk for adult brain tumors in electrical workers and those adults with
occupational EMF exposure was reported in a meta-analysis (review of many individual studies)
by Kheifets et al., (1995). This is about the same size risk for lung cancer and secondhand smoke
{US DHHS, 2006). A total of 29 studies with populations from 12 countries were included in this
meta-analysis. The relative risk was reported as 1.16 (CI = 1.08 — 1.24) or a 16% increased risk

10
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for all brain tumors. For gliomas, the risk estimate was reported to be 1.39 (1.07 — 1.82) or a 39%
increased risk for those in electrical occupations. A second meta-analysis published by Kheifets
et al., ({2001) added results of 9 new studies published after 1995. It reported a new pooled
estimate (OR = 1.16, 1.08 — 1.01) that showed little change in the risk estimate overall from 1995.

The evidence for a relationship between exposure and breast cancer is relatively strong in men
(Erren, 2001), and some (by no means all) studies show female breast cancer also to be elevated
with increased exposure (see Chapter 12). Brain tumors and acoustic neuromas are more
common in exposed persons (see Chapter 10). There is less published evidence on other cancers,
but Charles et al. (2003) report that workers in the highest 10% category for EMF exposure were
twice as likely to die of prostate cancer as those exposed at lower levels {OR 2.02, 95% CI =
1.34-3.04). Villeneuve et al. (2000) report statistically significant elevations of non-Hodgkin’s
lymphoma in electric utility workers in relation to EMF exposure, while Tynes et al. (2003)
report elevated rates of malignant melanoma in persons living near to high voltage power lines.
While these observations need replication, they suggest a relationship between exposure and
cancer in adults beyond leukemia.,

In total the scientific evidence for adult disease associated with EMF exposure is sufficiently
strong for adult cancers that preventive steps are appropriate, even if not all reports have shown
exactly the same positive relationship. This is especially true since many factors reduce our
ability to see disease patterns that might be related to EMF exposure: there is no unexposed
poputation for comparison, for example, and other difficulties in exposure assessment, The
evidence for a relationship between EMF exposure and adult cancers and neurodegenerative
diseases is sufficiently strong at present to merit preventive actions to reduce EMF exposure.

5. Breast Cancer

There is rather strong evidence from multiple areas of scientific investigation that ELF is related
to breast cancer. Over the last two decades there have been numerous epidemiological studies
(studies of human illness) on breast cancer in both men and women, although this relationship
remains controversial among scientists. Many of these studies report that ELF exposures are
related to increased risk of breast cancer (not all studies report such effects, but then, we do not
expect 100% or even 50% consistency in results in science, and do not require it to take
reasonable preventative action).

The evidence from studies on women in the workplace rather strongly suggests that ELF is

a risk factor for breast cancer for women with fong-term exposures of 10 mG and higher.

Breast cancer studies of people who work in relatively high ELF exposures (10 mG and above)
show higher rates of this disease. Most studies of workers who are exposed to ELF have defined
high exposure levels to be somewhere between 2 mG and 10 mG; however this kind of mixing of
relatively fow to relatively high ELF exposure just acts to dilute out real risk levels. Many of the
occupational studies group exposures so that the highest group is exposed to 4 mG and above.
What this means is that a) few people are exposed to much higher levels and b) illness patterns
show up at relatively low ELF levels of 4 mG and above. This is another way of demonstrating
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that existing ELF limits that are set at 933-1000 mG are irrelevant to the exposure levels reporting
increased risks.

Laboratory studies that examine human breast cancer cells have shown that ELF exposure
between 6 mG and 12 mG can interfere with protective effects of melatonin that fights the growth
of these breast cancer cells. For a decade, there has been evidence that human breast cancer cells
grow faster if exposed to ELF at low environmental levels. This is thought to be because ELF
exposure can reduce melatonin levels in the body. The presence of melatonin in breast cancer
cell cultures is known to reduce the growth of cancer cells. The absence of melatonin (because of
ELF exposure or other reasons) is known to resuit in more cancer cell growth.

Laboratory studies of animals that have breast cancer tumors have been shown fo have more
tumors and larger tumors when exposed to ELF and a chemical tumor promoter at the same time.
These studies taken together indicate that ELF is a likely risk factor for breast cancer, and that
ELF levels of importance are no higher than many people are exposed to at home and at work. A
reasonable suspicion of risk exists and is sufficient evidence on which to recommend new ELF
limits; and to warrant preventative action.

Given the very high lifetime risks for developing breast cancer, and the critical importance
of prevention; ELF exposures should be reduced for all people who are in high ELF

environments for prolonged periods of time.

Reducing ELF exposure is particularly important for people who have breast cancet. The
recovery environment should have low ELF levels given the evidence for poorer survival rates for
childhood leukemia patients in ELF fields over 2 mG or 3 mG. Preventative action for those who
may be at higher risk for breast cancer is also warranted (particularly for those taking tamoxifen
as a way to reduce the risk of getting breast cancer, since in addition to reducing the effectiveness
of melatonin, ELF exposure may also reduce the effectiveness of tamoxifen at these same low
exposure levels). There is no excuse for ignoring the substantial body of evidence we already
have that supporis an association between breast cancer and ELF exposure; waiting for
conclusive evidence is untenable given the enormous costs and societal and personal burdens
caused by this disease.

Studies of human breast cancer cells and some animal studies show that ELF is likely to be
a risk factor for breast cancer, There is supporting evidence for a link between breast
cancer and exposure to EL¥ that comes from cell and animal studies, as well as studies of

human breast cancers.

These are just some of the cancer issues to discuss. It may be reasonable now to make the
assumption that all cancers, and other disease endpoints might be related to, or worsened by
exposures to EMFs (both ELF and RF).

If one or more cancers are related, why would not all cancer risks be at issue? It can no longer be
said that the current state of knowledge rules out or precludes risks to human heaith. The
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enormous societal costs and impacts on human suffering by not dealing proactively with this
issue require substantive public heaith policy actions; and actions of governmental agencies
charged with the protection of public health to act on the basis of the evidence at hand.

B. Changes in the Nervous System and Brain Function

Exposure to electromagnetic fields has been studies in connection with Alzheimer’s disease,
motor neuron disease and Parkinson’s disease. (4) These diseases all involve the death of specific
neurons and may be classified as neurodegenerative diseases. There is evidence that high levels
of amyloid beta are a risk factor for Alzheimer’s disease, and exposure to ELF can increase this
substance in the brain, There is considerable evidence that melatonin can protect the brain
against damage leading to Alzheimer’s disease, and also strong evidence that exposure to ELF
can reduce melatonin levels. Thus it is hypothesized that one of the body’s main protections
against developing Alzheimer’s disease (melatonin} is less available to the body when people are
exposed to ELF, Prolonged exposure to ELF fields could alter calcium (Ca2+) levels in neurons
and induce oxidative stress (4). It is also possible that prolonged exposure to ELF fields may
stimulate neurons (particularly large motor neurons) into synchronous firing, leading to damage
by the buildup of toxins.

Evidence for a relationship between exposure and the neurodegenerative diseases, Alzheimer’s
and amyotrophic lateral sclerosis (ALS), is strong and relatively consistent (see Chapter 12).
While not every publication shows a statistically significant relationship between exposure and
disease, ORs of 2.3 (95% CI = 1.0-5.1 in Qio et al., 2004), of 2.3 (95% Cl = 1.6-3.3 in Feychting
et al., 2003) and of 4.0 (95% CI = 1.4-11.7 in Hakansson et al., 2003) for Alzheimer’s Disease,
and of 3.1 (95% CI = 1.0-9.8 in Savitz et al., 1998) and 2.2 (95% CI = 1.0-4.7 in Hakansson et al.,
2003) for ALS cannot be simply ignored.

Alzheimer’s disease is a disease of the nervous system. There is strong evidence that long-

term exposure to ELF is a risk factor for Alzheimer’s disease.

Concern has also been raised that humans with epileptic disorders could be more susceptible to
RF exposure. Low-level RF exposure may be a stressor based on similarities of neurological
effects to other known stressors; low-level RF activates both endogenous opioids and other
substances in the brain that function in a similar manner to psychoactive drug actions. Such
effects in laboratory animals mimic the effects of drugs on the part of the brain that is involved in
addiction,

Laboratory studies show that the nervous system of both humans and animals is sensitive to ELF
and RF. Measurable changes in brain function and behavior occur at levels associated with new
technologies including cell phone use. Exposing humans to cell phone radiation can change
brainwave activity at levels as low as 0.1 watt per kilogram SAR (W/Kg)*** in comparison to the
US allowable level of 1.6 W/Kg and the International Commission for Non-ionizing Radiation
Protection (ICNIRP) allowable level of 2.0 W/Kg. It can affect memory and learning, It can
affect normal brainwave activity. ELF and RF exposures at low levels are able to change
behavior in animals.

13

Schedule DS-5
Page 15 of 77



There is liftle doubt that electromagnetic fields emitted by cell phones and cell phone use

affect electrical activity of the brain,

Effects on brain function seem to depend in some cases on the mental load of the subject during
exposure (the brain is less able to do two jobs well simultaneously when the same part of the
brain is involved in both tasks). Some studies show that cell phone exposure speeds up the
brain’s activity level; but also that the efficiency and judgment of the brain are diminished at the
same time. One study reported that teenage drivers had slowed responses when driving and
exposed to cell phone radiation, comparable to response times of elderly people. Faster thinking
does not necessarily mean better quality thinking.

Changes in the way in which the brain and nervous system react depend very much on the
specific exposures, Most studies only look at short-term effects, so the long-term

consequences of exposures are not known.

Factors that determine effects can depend on head shape and size, the location, size and shape of
internal brain structures, thinness of the head and face, hydration of tissues, thickness of various
tissues, dialectric constant of the tissues and so on. Age of the individual and state of heaith also
appear to be important variables, Exposure conditions also greatly influence the outcome of
studies, and can have opposite results depending on the cenditions of exposure including
frequency, waveform, orientation of exposure, duration of exposure, number of exposures, any
pulse modulation of the signal, and when effects are measured (some responses to RF are
delayed). There is large variability in the results of ELF and RF testing, which would be
expected based on the large variability of factors that can influence test results, However, it is
clearly demonstrated that under some conditions of exposure, the brain and nervous system
functions of humans are altered. The consequence of long-term or prolonged exposures have not
been thoroughly studied in either adults or in children.

The consequence of prolonged exposures to children, whose nervous systems continue to
develop until fate adolescence, is unknown at this time. This could have serious implications
to adult health and functioning in society if years of expesure of the young to both ELF and

RT result in diminished capacity for thinking, judgment, memory, learning, and control

over behavior,

People who are chronically exposed to low-level wireless antenna emissions report symptoms
such as problems in sleeping (insomnia), fatigue, headache, dizziness, grogginess, lack of
congcentration, memory problems, ringing in the ears (tinnitus), problems with balance and
orientation, and difficulty in multi-tasking. In children, exposures to cell phone radiation have
resulted in changes in brain oscillatory activity during sorme memory tasks. Although scientific
studies as yet have not been able to confirm a cause-and-effect refationship; these complaints are
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widespread and the cause of significant public concern in some countries where wireless
technologies are fairly mature and widely distributed (Sweden, Denmark, France, Germany, Italy,
Switzerland, Austria, Greece, Israel). For example, the roll-out of the new 3™ Generation
wireless phones (and related community-wide antenna RF emissions in the Netherlands) caused
almost immediate public complaints of illness.(5)

Conflicting results from those few studies that have been conducted may be based on the
difficulty in providing non-exposed environments for testing to compare fo environments that are
intentionatly exposed. People traveling to laboratories for testing are pre-exposed to a muititude
of RF and ELF exposures, so they may already be symptomatic prior to actual testing. Also
complicating this is good evidence that RF exposures testing behavioral changes show delayed
results; effects are observed after termination of RF exposure. This suggests a persistent change
in the nervous system that may be evident only after time has passed, so is not observed during a
short testing period.

The effects of long-term exposure to wireless techrologies including emissions from cell
phones and other personal devices, and from whole-body exposure to RF transmissions
from cell towers and antennas is simply not knewn yet with certainty, However, the body of

evidenece at hand suggests that biceffects and health impacts can and do occur at exquisitely

low exposure levels: Ievels that can be thousands of times below public safety limits.

The evidence reasonably points to the potential for serious public health consequences (and
economic costs), which will be of global concern with the widespread public use of, and exposure
to such emissions. Even a small increase in disease incidence or functional loss of cognition
related to new wireless exposures would have a large public health, sociectal and economic
consequences. Epidemiological studies can report harm io health only after decades of exposure,
and where large effects can be seen across “average” populations; so these early warnings of
possible harm should be taken seriously now by decision-makers,

C. Effects on Genes (DNA)

Cancer risk is related to DNA damage, which alters the genetic blueprint for growth and
development, 1f DNA is damaged (the genes are damaged) there is a risk that these damaged
cells will not die. Instead they will continue to reproduce themselves with damaged DNA, and
this is one necessary pre-condition for cancer. Reduced DNA repair may also be an important
part of this story. When the rate of damage to DNA exceeds the rate at which DNA can be
repaired, there is the possibility of retaining mutations and initiating cancer, Studies on how ELF
and RF may affect genes and DNA is important, because of the possible link to cancer.

Even ten years ago, most people believed that very weak ELF and RF fields could not possibly
have any effect at all on DNA and how cells work (or are damaged and cannot do their work
properly). The argument was that these weak fields are do not possess enough energy (are not
physically strong enough) to cause damage. However, there are multiple ways we already know
about where energy is not the key factor in causing damage. For example, exposure to toxic
chemicals can cause damage. Changing the balance of delicate biological processes, including
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hormone balances in the body, can damage or destroy cells, and cause iilness, In fact, many
chronic diseases are directly related to this kind of damage that does not require any heating at all.
Interference with cell communication (how cells interact) may either cause cancer directly or
promote existing cancers to grow faster.

Using modern gene-testing techniques will probably give very useful information in the future
about how EMFs targets and affects molecules in the body. At the gene level, there is some
evidence now that EMF's (both ELF and RF) can cause changes in how DNA works. Laboratory
studies have been conducted to see whether (and how) weak EMFs ficlds can affect how genes
and proteins function. Such changes have been seen in some, but not all studies.

Small changes in protein or gene expression might be able to alter cell physiology, and might be
able to cause later effects on health and well-being. The study of genes, proteins and EMFs is
still in its infancy, however, by having some confirmation at the gene level and protein level that
weak EMFs exposures do register changes may be an important step in establishing what risks to
health can occur.

What is remarkable about studies on DNA, genes and proteins and EMFs is that there should be
no effect at all if it were true that EMFs is too weak to cause damage. Scientists who believe that
the energy of EMFs is insignificant and uniikely to cause harm have a hard time explaining these
changes, so are inclined to just ignore them. The trouble with this view is that the effects are
occurring. Not being able to explain these effects is not a good reason to consider them
imaginary or unimportant.

The European research program (REFLEX) documented many changes in normal biological
functioning in tests on DNA (3). The significance of these results is that such effects are directly
related to the question of whether human health risks might occur, when these changes in genes
and DNA happen. This large research effort produced information on EMFs effects from more
than a dozen different researchers. Some of the key findings included:

“Gene mutations, cell proliferation and apoptosis are caused by or result in altered gene
and protein expression profiles. The convergence of these events is required for the
development of all chronic diseases.” (3)

“Genotoxic effects and a modified expression of numerous genes and proteins after EMF
exposure could be demonstrated with great cerfainty.” (3)

“RF-EMTF produced genotoxic effects in fibroblasts, HL-60 cells, granulosa cells of rats
and neural progenitor cells derived from mouse embryonic stem cells.” (Participants 2, 3
and 4). (3)

“Cells responded to RF exposure between SAR levels of 0.3 and 2 W/Kg with a
significant increase in single- and double-strand DNA breaks and in micronuclei
frequency.” (Participants 2, 3 and 4). (3)

“In HL-60 cells an increase in intracellular generation of free radicals accompanying
RF-EMF exposure could clearly be demonstrated.” (Participant 2). (3)

“The induced DNA damage was not based on thermal effects and arouses consideration
abour the environmental safety limits for ELF-EMF exposure.” (3)
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“The effects were clearly more pronounced in cells from older donors, which could point
to an age-related decrease of DNA repair efficiency of ELF-EMF induced DNA strand
breaks.” (3)

Both ELF and RF exposures can be considered genotoxic (will damage DNA) under certain

conditions of exposure, including exposure levels that are lower than existing safety limits,

D. Effects on Stress Proteins (Heat Shock Proteins)

In nearly every living organism, there is a special protection launched by cells when they are
under attack from environmental toxins or adverse environmental conditions. This is called a
stress response, and what are produced are stress proteins (also known as heat shock proteins).
Plants, animals and bacteria all produce stress proteins to survive environmental stressors like
high temperatures, lack of oxygen, heavy metal poisoning, and oxidative stress (a cause of
premature aging). We can now add ELF and RF exposures to this list of environmental stressors
that cause a physiological stress response,

Very low-level ELF and RF exposures can cause cells to produce stress proteins, meaning
that the cell recognizes ELF and RF exposures as harmful, This is another important way
in which scientists have documented that ELF and RF exposures can be harmful, and it

happens at levels far below {he existing public safety standards.

An additional concern is that if the stress goes on too long, the protective effect is diminished.
There is a reduced response if the stress goes on too long, and the protective effect is reduced.
This means the cell is less protected against damage, and it is why prolonged or chronic
exposures may be quite harmful, even at very low intensities.

The biochemical pathway that is activated is the same for ELF and for RF exposures, and it is
non-thermal (does not require heating or induced electrical currents, and thus the safety standards
based on protection from heating are irrelevant and not protective). ELF exposure levels of only
5 to 10 mG have been shown to activate the stress response genes (Table 2, Section 6). The
specific absorption rate or SAR is not the appropriate measure of biological threshold or dose,
and should not be used as the basis for a safety standard, since SAR only regulates against
thermal damage,

E. Effects on the Immune System

The immune system is another defense we have against invading organisms (viruses, bacteria,
and other foreign molecules). It protects us against illness, infectious diseases, and tumor cells,
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There are many different kinds of immune cells; each type of cell has a particular purpose, and is
launched to defend the body against different kinds of exposures that the body determines might
be harmful.

There is substantial evidence that ELF and RF can cause inflammatory reactions, allergy
reactions and change normal immune function at levels allowed

by current public safety standards,

The body’s immune defense system senses danger from ELF and RF exposures, and targets an
immune defense against these fields, much like the body’s reaction in producing stress proteins.
These are additional indicators that very low intensity ELF and RF exposures are a) recognized
by cells and b) can cause reactions as if the exposure is harmful. Chronic exposure to factors that
increase allergic and inflammatory responses on a continuing basis are likely to be harmful to
health. Chronic inflammatory responses can lead to cellular, tissue and organ damage over time,
Many chronic diseases are thought to be related to chronic problems with immune system
function.

The release of inflammatory substances, such as histamine, are well-known to cause skin
reactions, swelling, allergic hypersensitivity and other conditions that are normally associated
with some kind of defense mechanism. The human immune system is part of a general defense
barrier that protects against harmful exposures from the surrounding environment. When the
immune system is aggravated by some kind of attack, there are many kinds of immune cells that
can respond. Anything that triggers an immune response should be carefully evaluated, since
chronic stimulation of the immune system may over time impair the system’s ability to respond in
the normal fashion.

Measurable physiological changes (mast cell increases in the skin, for example that are markers
of allergic response and inflammatory cell response) are triggered by ELF and RF at very low
intensities. Mast cells, when activated by ELF or RF, will break (degranulate) and release
irritating chemicals that cause the symptoms of altergic skin reactions.

There is very clear evidence that exposures to ELF and RF at levels associated with cell phone
use, computers, video display terminals, televisions, and other sources can cause these skin
reactions, Changes in skin sensitivity have been measured by skin biopsy, and the findings are
remarkable. Some of these reactions happen at levels equivalent to those of wireless technologies
in daily life. Mast cells are also found in the brain and heart, perhaps targets of immune response
by cells responding to ELF and RF exposures, and this might account for some of the other
symptoms commonly reported (headache, sensitivity to light, heart arrhythmias and other cardiac
symptoms). Chronic provocation by exposure to ELF and RF can lead to immune dysfunction,
chronic allergic responses, inflammatory diseases and ill health if they occur on a continuing
basis over time.

These clinical findings may account for reports of persons with electrical hypersensitivity, which
is a condition where there is intolerance for any level of exposure to ELF and/or RF. Although
there is not yet a substantial scientific assessment (under controlled conditions, if that is even
possible); anecdotal reports from many countries show that estimates range from 3% to perhaps
5% of populations, and it is a growing problem. Electrical hypersensitivity, like multiple
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chemical sensitivity, can be disabling and require the affected person to make drastic changes in
work and living circumstances, and suffer large economic losses and loss of personal freedom. In
Sweden, electrohypersensitivity (EHS) is officially recognized as fully functional impairment
(i.e., it is not regarded as a disease — see Section 6, Appendix A).

F. Plausible Biological Mechanisms

Plausible biological mechanisms are already identified that can reasonably account for most
biological effects reported for exposure to RF and ELF at low-intensity levels (oxidative stress
and DNA damage from free radicals leading to genotoxicity; molecular mechanisms at very low
energies are plausible links to disease, e.g,, effect on electron transfer rates linked to oxidative
damage, DNA activation linked to abnormal biosynthesis and mutation). It is also important to
remember that traditional public heaith and epidemiological determinations do not require a
proven mechanism before inferring a causal link between EMFs exposure and disease (12).
Many times, proof of mechanism is not known before wise public health responses are
implemented.

“Obviously, melatonin’s ability to protect DNA from oxidative damage has implications for many
types of cancer, including leukemia, considering that DNA damage due to fiee radicals is
believed to be the initial oncostatic event in a majority of human cancers {Cerutti et al., 1994].

In addition to cancer, free radical damage to the central nervous system is a significant
component of a variely of neurodegenerative diseases of the aged including Alzheimer’s disease
and Parkinsonism. In experimental animal models of both of these conditions, melatonin has
proven highly effective in forestailing their onset, and reducing their severity [Reiter ef al.,

20011, (13)

Oxidative stress through the action of free radical damage to DNA is a plausible biological

mechanism for cancer and diseases that invelve damage from ELF to the central nervous

system.

G. Another Way of Looking at EMFs: Therapeutic Uses

Many people are surprised to learn that certain kinds of EMFs treatments actually can heal.
These are medical treatments that use EMFs in specific ways to help in healing bone fractures, to
heal wounds to the skin and underlying tissues, to reduce pain and swelling, and for other post-
surgical needs. Some forms of EMFs exposure are used to treat depression.

EMFs have been shown to be effective in treating conditions of disease at energy levels far below
current public exposure standards, This leads to the obvious question. How can scientists dispute
the harmful effects of EMF exposures while at the same time using forms of EMF treatment that
are proven to heal the body?
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Medical conditions are successfully treated using EMFs at levels below current public safety
standards, proving another way that the body recognizes and responds te low-intensity
EMTF signals. Otherwise, these medical treatments could not work. The FDA has approved

EMFs medical treatment devices, so is clearly aware of this paradox,

Random exposures to EMFs, as opposed to EMFs exposures done with clinical oversight, could
lead to harm just like the unsupervised use of pharmaceutical drugs. This evidence forms a
strong warning that indiscriminate EMF exposure is probably a bad idea.

No one would recommend that drugs ssed in medical {reatments and prevention of disease
be randomly given to the publie, especially to children. Yet, random and involuntary

exposures to EMFs occur all the time in daily life.

The consequence of multiple sources of EMFs exposures in daily life, with no regard to
cumulative exposures or to potentially harmful combinations of EMFs exposures means several
things. First, it makes it very difficult to do clinical studies because it is almost impossible to find
anyone who is not already exposed. Second, people with and without diseases have multiple and
overlapping exposures — this will vary from person to person.

Just as ionizing radiation can be used to effectively diagnose disease and treat cancer, it is also a
cause of cancer under different exposure conditions. Since EMFs are both a cause of disease, and
also used for treatment of diseass, it is vitally important that public exposure standards reflect our
current understanding of the biological potency of EMF exposures, and develop both new public
safety limits and measures to prevent future exposures.

20

Schedule DS-5
Page 22 of 77




III. EMF EXPOSURE AND PRUDENT PUBLIC HEALTH PLANNING

+ The scientific evidence is sufficient to warrant regulatory action for ELF; and it is
substantial enough to warrant preventative actions for RF,

« The standard of evidence for judging the emerging scientific evidence necessary to take
action should be proportionate {o the impacts on health and well-being

+ The exposures are widespread,

* Widely accepted standards for judging the science are used in this assessment,

Public exposure to electromagnetic radiation (power-line frequencies, radiofrequency and
microwave) is growing exponentially worldwide. There is a rapid increase in electrification in
developing countries, even in rural areas. Most members of society now have and use cordless
phones, cellular phones, and pagers. In addition, most populations are also exposed to antennas
in communities designed to transmit wireless RF signals. Some developing countries have even
given up running land lines because of expense and the easy access to cell phones. Long-term
and cumulative exposure fo such massively increased RF has no precedent in human history.
Furthermore, the most pronounced change is for children, who now routinely spend hours each
day on the cell phone. Everyone is exposed to a greater or lesser extent. No one can avoid
exposure, since even if they live on a mountain-top without electricity there will likely be
exposure to communication-frequency RF exposure. Vuilnerable populations (pregnant wormen,
very young children, elderly persons, the poor) are exposed to the same degree as the general
population. Therefore it is imperative to consider ways in which to evaluate risk and reduce
exposure, Good public health policy requires preventative action proportionate to the potential

risk of harm and the public health consequence of taking no action.
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1V. RECOMMENDED ACTIONS
A. Defining new exposure standards for ELF

This chapter concludes that new ELF limits are warranted based on a public health analysis of the
overall existing scientific evidence, The public health view is that new ELF limits are needed
now. They should reflect environmental levels of ELF that have been demonstrated to increase
risk for childhood leukemia, and possibly other cancers and neurological diseases. ELF limits
should be set below those exposure levels that have been linked in childhood leukemia studies to
increased risk of disease, plus an additional safety factor. It is no longer acceptable to build new
power lines and electrical facilities that place people in ELF environments that have been
determined to be risky. These levels are in the 2 to 4 milligauss* (mG) range, not in the 10s of
mG or 100s of mG. The existing ICNIRP limit is 1000 mG (904 mG in the US) for ELF is
outdated and based on faulty assumptions. These limits are can no longer be said to be
protective of public health and they should be replaced. A safety buffer or safety factor should
also be applied to a new, biologically-based ELF limit, and the conventional approach is to add a

safety factor lower than the risk level.

While new ELF limits are being developed and implemented, a reasonable approach would be a 1
mG planning limit for habitable space adjacent to all new or upgraded power lines and a 2 mG
limit for all other new construction. It is also recommended for that a 1 mG limit be established
for existing habitable space for children and/or women who are pregnant (because of the possible
link between childhood leukemia and in utero exposure to ELF). This recommendation is

based on the assumption that a higher burden of protection is required for children who cannot
protect themselves, and who are at risk for childhood levkemia at rates that are traditionally high
enough to trigger regulatory action. This situation in particular warrants extending the 1 mG
limit to existing occupied space. "Establish” in this case probably means formal public advisories
from relevant health agencies, While it is not realistic to reconstruct all existing electrical
distribution

systems, in the short terny; steps to reduce exposure from these existing systems need to be
initiated, especially in places where children spend time, and should be encouraged. These limits
should reflect the exposures that are commonly associated with increased risk of child hood
leukemia (in the 2 to 5 mG range for all children, and over 1.4 mG for chiidren age 6 and

younger). Neatly all of the occupational studies for adult cancers and neurological diseases
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report their highest exposure category is 4 mG and above, so that new ELF limits should target

the exposure ranges of interest, and not necessarily higher ranges.

Avoiding chronic ELF exposure in schools, homes and the workplace above levels associated
with increased risk of disease will also avoid most of the possible bioactive parameters of ELF

discussed in the relevant literature,

B. Defining preventative actions for reduction in R¥ exposures

Given the scientific evidence at hand (Chapter 17), the rapid deployment of new wireless
technologies that chronically expose people to pulsed RF at levels reported fo cause bioeffects,
which in furn, could reasonably be presumed to lead to serious health impacts, is of public health
concern. Section 17 summarizes evidence that has resulted in a public health recommendation
that preventative action is warranted to reduce or minimize RF exposures to the public. There is
suggestive {o strongly suggestive evidence that RF exposures may cause changes in cell
membrane fimction, cell communication, cell metabolism, activation of proto-oncogenes and can
trigger the production of stress proteins at exposure levels below current regulatory limits.
Resulting effects can include DNA breaks and chromosome aberrations, cell death including
death of brain neurons, increased free radical production, activation of the endogenous opioid
system, cell stress and premature aging, changes in brain function including memory loss,
retarded learning, slower motor function and other performance impairment in children,
headaches and fatigue, sleep disorders, nevrodegenerative conditions, reduction in melatonin

secretion and cancers (Chapters 5, 6, 7, 8,9, 10, and 12),

As early as 2000, some experts in bioelectromagnetics promoted a 0.1 pW/ecm2 limit (which is
0.614 Volts per meter) for ambient outdoor exposure to pulsed RF, so generally in cities, the
public would have adequate protection against involuntary exposure fo pulsed radiofrequency
(e.g., from cell towers, and other wireless technologies). The Salzburg Resolution of 2000 set a
target of 0,1 pW/ecm2 (or 0,614 V/m) for public exposure to pulsed radiofrequency. Since then,
there are many credible anecdotal reports of unwellness and illness in the vicinity of wireless
transmitters (wireless voice and data communication antennas) at lower levels. Effects include

sleep disruption, impairment of memory and concentration, fatigue, headache, skin disorders,
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visnal symptoms (floaters), nausea, loss of appetite, tinnitus, and cardiac problems (racing
heartbeat), There are some credible articles from researchers reporiing that cell tower -level RF
exposures (estimated to be between 0.01 and 0.5 pW/em?2) produce ill-effects in populations

living up to several hundred meters from wireless antenna sites.

This information now argues for thresholds or guidelines that are substantially below current FCC
and TCNIPR standards for whole body exposure. Uncertainty about how low such standards
might have to go to be prudent from a public health standpoint should not prevent reasonable
efforts to respond to the information at hand. No lower limit for bioeffects and adverse health
effects from RF has been established, so the possible health risks of wireless WLLAN and WI-FI
systems, for example, will require further research and no assertion of safety at any level of
wireless exposure (chronic exposure) can be made at this time. The lower limit for reported
human heaith effects has dropped 100-fold below the safety standard (for mobile phones and
PDAs); 1000- to 10,000-fold for other wireless (cell towers at distance; WI-FI and WLAN
devices). The entire basis for safety standards is called info question, and it is not unreasonable to

question the safety of RF at any level.

A cautionary target level for pulsed RF exposures for ambient wireless that could be applied to
RF sources from cell tower antennas, WI-FI, WI-MAX and other similar sources is proposed.
The recommended cautionary target level is 0.1 microwatis per centimeter squared (p W/em2)**
{or 0.614 Volts per meter or V/im)** for pulsed RF where these exposures affect the general
public; this advisory is proportionate to the evidence and in accord with prudent public health
policy. A precautionary limit of 0.1 pW/cm2 should be adopted for outdoor, cumulative RF
exposure. This reflects the current RF science and prudent public health response that would
reasonably be set for pulsed RF (ambient) exposures where people live, work and go to school.
This level of RF is experienced as whole-body exposure, and can be a chronic exposure where
there is wireless coverage present for voice and data transmission for cell phones, pagers and
PDAs and other sources of radiofrequency radiation. An outdoor precautionary limit of 0.1
wW/ecm2 would mean an even lower exposure level inside buildings, perhaps as low as 0.01
nW/em2. Some studies and many anecdotal reports on ill health have been reported at lower
levels than this; however, for the present time, it could prevent some of the most disproportionate
burdens placed on the public nearest to such installations. Although this RF target level does not
preciude further rotlout of WI-FI technologies, we also recommend that wired alternatives to Wi-
FI be implemented, particularly in schools and libraries so that children are not subjected to
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elevated RF levels until more is understood about possible health impacts. This recommendation
should be seen as an interim precautionary limit that is intended to guide preventative actions;

and more conservative limits may be needed in the future.

Broadcast facilities that chronically expose nearby residents {o elevated RF levels from AM, FM
and television antenna transmission are also of public health concern given the potential for very
high RF exposures near these facilities (antenna farms). RF levels can be in the 10s to several
100’s of pW/cm2 in residential areas within half a mile of some broadcast sites (for example,
Lookout Mountain, Colorado and Awbrey Butte, Bend, Oregon). Such facilities that are located
in, or expose residential populations and schools to elevated levels of RF will very likely need to

be re-evaluated for safety.

For emissions from wireless devices (cell phones, personal digital assistant or PDA devices, etc)
there is enough evidence for increased risk of brain tumors and acoustic neuromas now to warrant
intervention with respect to their use, Redesign of cell phones and PDAs could prevent direct
head and eye exposure, for example, by designing new units so that they work only with a wired

headset or on speakerphone mode,

These effects can reasonably be presumed to result in adverse health effects and disease with
chronic and uncontrolied exposures, and children may be particularly vulnerable. The young are
also largely unable to remove themselves from such eavironments. Second-hand radiation, like

second-hand smoke is an issue of public health concern based on the evidence at hand.
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V. CONCLUSIONS

+  We cannot afford ‘business as usual” any longer. It is time that planning for new power lines
and for new homes, schools and other habitable spaces around them is done with routine
provision for low-ELF environments., The business-as-usual deployment of new wireless
technologies is likely to be risky and harder to change if society does not make some educated
decisions about limits soon. Research must continue to define what levels of RF related to new
wireless technologies are acceptable; but more research should not prevent or delay substantive

changes today that might save money, lives and societal disruption tomorrow.

* New regulatory limits for ELF are warranted, ELF limits should be set below those exposure
levels that have been linked in childhood leukemia studies to increased risk of disease, plus an
additional safety factor. It is no longer acceptable to build new power lines and electrical
facilities that place people in ELF environments that have been determined to be risky (at levels

generally at 2 mG and above).

» While new ELF limits are being developed and implemented, a reasonable approach would be
a 1 mG planning limit for habitable space adjacent to all new or upgraded power lines and a 2 mG
limit for all other new construction, It is also recommended for that a 1 mG limit be established
for existing habitable space for children and/or women who are pregnant . This recommendation
is based on the assumption that a higher burden of protection is required for children who cannot
protect themselves, and who are at risk for childhood leukemia at rates that are traditionally high
enough to frigger regulatory action, This situation in particular warrants extending the 1 mG
limit to existing occupied space. "Establish" in this case probably means formal public advisories

from relevant health agencies.

« While it is not realistic to reconstruct all existing electrical distributions systems, in the short
term; steps to reduce exposure from these existing systems need to be initiated, especially in

places where children spend time, and should be encouraged.

+ A precautionary limit of 0.1 (WW/cm2 (which is also 0.614 Volts per meter) should be adopted
for outdoor, cumulative RF exposure. This reflects the current RF science and prudent public

health response that would reasonably be set for pulsed RF (ambient) exposures where people
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live, work and go to school. This level of RF is experienced as whole-body exposure, and can be
a chronic exposure where there is wireless coverage present for voice and data transmission for
cell phones, pagers and PDAs and other sources of radiofrequency radiation. Some studies and
many anecdotal reports on ill health have been reported at lower levels than this; however, for the
present time, it could prevent some of the most disproportionate burdens placed on the public
nearest to such installations, Although this RF target level does not preclude further rollout of
WI-FI technologics, we also recommend that wired alternatives to WI-FI be implemented,
particularly in schools and libraries so that children are not subjected to elevated RF levels until
more is understood about possible health impacts. This recommendation should be seen as an
interim precautionary limit that is intended to guide preventative actions; and more conservative

limits may be needed in the future.
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Some Quick Definitions for Units of Measurement of ELF and RF

*Milligauss (mG)

A milligauss is a measure of ELF intensity and is abbreviated mG. This is used to describe

electromagnetic fields from appliances, power lines, inferior electrical wiring.

**Microwatts per centimeter squared (uWW/em2)

Radigfrequency radiation in terms af power density is measured in microwatts per centimeter squared and
abbreviated (uW/em2). It is used when talking about emissions from wireless facilities, and when
describing ambient RF in the environment, The amount of allowable RF near a cell tower is 1000 uW/em2

Jor some cell phone frequencies, for example.

*#*Specific Absorption Rate (SAR is measured in watts per kilogram or W/Kg)

SAR stands for specific absorption rate. It is a calenlation of how much RF energy is absorbed into the

body, for example when a cell phone or cordless phone is pressed to the head. SAR is expressed in walls
per kilogram of tissue (W/Kg). The amount of allowable energy into I gram of brain tissue from a cell
phone is 1.6 WiKg in the US, For whole body exposure, the exposure is 0.8 W/Kg averaged over 30
minufes for the general public. International standards in most countries are similar, but not exactly the

same.
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Table 1-1 Biolnitiative Report Overall Conclusions

OVERALL SUMMARY OF CONCLUSIONS
= The existing ICNIRP and FCC limits for public and occupational exposure to ELF and RF are insufficiently protective of public health.

* Biologically-based public and occupational exposure standards for extra-low frequency and radiofrequency radiation are recommended to address biocffects and potential
adverse health effects of chronjc exposure to ELF and RF. These effects are now widely reported to occur at exposure levels significantly below most current national and
international limits.

* A biologically-based exposure limit is one that is protective against ELF and RF intensity and modulation factors which, with chronic exposure, can reasonably be presumed
to result in significant impacts to health and well-being.

* Research is needed (but should not delay) regulatory action for ELF and substantive preventative action for RF proportionate to potential health and wellbeing risks from.
chronic exposure.

= Abiologically-based exposure limit should reflect current scientific knowledge of bioeffects and health effects, and impose new limits based on preventative action as
defined by the Precautionary Principle (EEA, 2001).

» Biologically-based exposure standards shall be protective against exposures levels of ELF and RF that affect or change normal biological functioning of organisms (humans).
They shall not be based solely on energy absorption or thermal levels of energy input, or resulting tissue heating. They shall be protective against chronic exposure responses.

» The existing standards are based on thermal (heating) limits, and do not address non-thermal (or low-intensity) exposures which are widely reported to cause bioeffects, some
likely leading to adverse health effects with chronic exposure.

» Biological effects may include both potential adverse heaith effects and loss of homeostasis and well-being,

+ Biologically-based exposure standards are needed to prevent disruption of normal body processes. Effects are reported for DNS damage (genotoxicity that is directly linked
to integrity of the human genome), cellular communication, cellular metabolism and repair, cancer surveillance within the body; and for protection against cancer and
neurological diseases. Also reported are neurological effects including impairment of sleep and sleep architecture, cognitive function and memory; depression; cardiac effects;
pathological leakage of the blood-brain barrier; and impairment of normal immune function, fertility and reproduction.

= Frequency, intensity, exposure duration, and the number of exposure episodes can affect the response, and these factors can interact with each other to produce different
effects. In addition, in order to understand the biological consequences of EMF exposure, one must know whether the effect is cumulative, whether compensatory responses
result, and when homeostasis will break down.

* Plausible biological mechanisms that can account for genotoxicity (DNA damage) are already well known (oxidative damage via free-radical actions) although it should also
be said that there is not yet proof. However, proof of mechanism is not required to set prudent public heaith policy, nor is it mandatory to set new guidelines or limits if
adverse health effects occur at lower-than-existing IEEE and ICNIRP standards.
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Table 1-1 Biolnitiative Report Overall Conclusions

OVERALL SUMMARY OF CONCLUSIONS (continued

* The SCENIHR report (2007} states that *for breast cancer and cardiovascular disease, recent research has indicated that an association with EMF is unlikely.” The WHO
ELF Health Criteria Monograph (2007) states “The evidence does not support an association between ELF exposure and cardiovascular disease” and “(T)he evidence for breast
cancer was also considered to be effectively negative, while for other diseases it was judged to be inadequate.” Neither conclusion is supported by any finding by IARC that
would classify EMF as Class 4 (Not A Carcinogen), so it is premature for either group to dismiss the evidence for EMF as a potential risk factor for either breast cancer or for
cardiovascular disease.

* The standard for taking action should be precautionary; action should not be deferred while waiting for final proof or causal evidence to be established that EMF is harmful
to health and well-being.

= There is great public concern over increasing levels of inveluntary exposure to radiofrequency and ELF-modulated radiofrequency exposures from new wireless
technologies; there is widespread public resistance to radiofrequency and extra-low frequency radiation exposures which are allowable under current, thermally-based exposure

standards,

= There is inadequate warning and notice to the public about possible risks from wireless technologies in the marketplace, which is resulting in adoption and use of
technologies that may have adverse health consequences which are still unknown to the public. There is ne “informed consent”.

« No positive assertion of safety can be made by governments that continue to support and enforce exposure limits for RF and ELF based on ICNIRP or IEEE criteria (or the
equivalent). Governments that are considering proposals to relax existing RF and ELF standards should reject these proposals given the weight of scientific evidence that is
available; and the clear disconnect between existing public safety limits and their responsibility to provide safe and healthful living environments for all segments of affected
populations.

Section 5 Genotoxicity Based on Proteomics

» EMF exposure can change gene and/or protein expression in certzin types of cells, even at intensities lower than ICNIRP recommended values.

« The biological consequences of most of the changed genes/proteins are stiil unclear, and need to be further explored.

+ The EMF research community should pay equal attention to the negative reports as to the positive ones. Not only the positive findings need to be replicated, all the negative
ones are also needed to be validated.

+ The YEEE and WHO data bases do not include the majority of ELF studies {only 6 of 14 in the WHO; 0 of 16 in IEEE}; they do include the majority of the RF studies (14 of

16).
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Section 6 Genotoxicity (DNA Damage from RF and ELF)

* Toxicity to the genome can lead to a change in cellular functions, cancer, and cell death. One can conclude that under certain conditions of exposure RF is genotoxic, Data

available are mainly applicable only to cell phone radiation exposure. One study reports that RF at levels equivalent to the vicinity of base stations and RF- transmission towers
is genotoxic and could cause DNA damage (Phillips et al., 1998).

* RF may be considered genotoxic (cause DNA damage). Of 28 total studies on radiofrequency radiation (RF} and DNA damage, 14 studies reported effects (50%) and 14
reported no significant effect (50%). Of 29 total studies on radiofrequency radiation and micronucleation, 16 studies reported effects (55%) and 13 reported no significant

effect (45%). Of 21 total studies on chromosome and genome damage from radiofrequency radiation, 13 studies (62%) reported effects and 8 stdies (38%) reported no
significant effects. '

» During cell phone use, a relatively constant mass of tissue in the brain is exposed to radiation at relatively high intensity (peak SAR of 4 - 8 W/kg). Several studies have
reporied DNA damage at lower than 4 W/kg.

+ Since critical genetic mutations in one single cell are sufficient to lead to cancer and there are millions of cells in a gram of tissue, if is inconceivable that the base of the
TEEE SAR standard was changed from averaged over 1 gram of tissue to 10 grams.

+ Frequency, intensity, exposure duration, and the number of exposure episodes can affect the response, and these factors can interact with each other to produce different
consequences. In order to understand the biological consequence of exposure, one must understand whether the effect is cumulative, whether compensatory responses result

and when homeostasis will break down. The choice of cell type or organism studied can also influence the outcome.

+ Extremely-low frequency (ELF) has also been shown to be genotoxic and cause DNA damage. Of 41 relevant studies of genotoxicity and ELF exposure, 27 studies (66%)
report DNA damage and 14 studies (44%) report no significant effect.
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Section 7: Stress Response

* Scientific research on stress proteins has shown that the public is not being protected from potential damage that can be caused by exposure to EMF, both power frequency
(ELF)} and radic frequency (RF).

* Cells react to an EMF as potentially harmful by producing stress proteins (heat shock proteins or hsp).

» Direct interaction of ELF and RF with DNA has been documented and both activate the synthesis of stress proteins,
s The biochemical pathway that is activated is the same pathway in both ELF and RF and it is non-thermal.

= Many biological systems are affected by EMFs (meaning both ELF and RF trigger stress proteins).

» Many frequencies are active. Field strength and exposure duration thresholds are very low.

* Molecular mechanisms at very low energies are plausible Hnks to disease (c.g., effect on electron transfer rates linked to oxidative damage, DNA activation linked to
abnormal biosynthesis and mutation). Cells react to an EMF as potentially harmful,

Many lines of research now point to changes in DNA electron transfer as a plausible mechanism of action as a result of non-thermal ELF and RF.

The same biological reaction (production of stress proteins) to an EMF can be activated in more than one division of the EM spectrum.

Direct interaction of ELF and RF with DNA has been documented and both activate the synthesis of stress proteins.
+ Thresholds triggering stress on biological systems occur at environment levels on the order of 0.5 to 1.0 uT for ELF.

» DNA damage (e.g., strand breaks), a cause of cancer, occurs at levels of ELF and RF that are below the safety limits. Also, there is no protection against cumulative effects
stimulated by different parts of the EM spectrum.

+ The scientific basis for EMF safety limits is flawed when the same biological mechanisms are activated in ELF and RF ranges at vastly different levels of the Specific
Absorption Rate (SAR). Activation of DNA to synthesize stress proteins (the stress response) is stimulated in the ELF at a non-thermal SAR level that is over a billion times
lower than the same process activated by RF at the thermal level.

+ There is 2 need for a biological standard to replace the thermal standard and to also protect against camulative effects across the EM spectrum.

* Based on studies of stress proteins, the specific absorption rate (SAR) is not the appropriate measure of biological threshold or dose, and should not be used
as a basis for a safety standard since it regulates against thermal effects only.
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Section 8 Effects on Immune Function

= Both human and animal studies report large immunological changes with exposure to environmental levels of electromagnetic fields (EMFs). Some of these exposure levels
are equivalent to those of e.g. wireless technologies in daiiy life.

* Measurable physiological changes (mast cells increases, for example) that are bedrock indicators of allergic response and inflammatory conditions are stimulated by EMF

exposures.
+ Chronic exposure to such factors that increase allergic and inflammatory responses on a continuing basis may be harmful to health,

+ It is possible that chronic provocation by exposure to EMF can lead to immune dysfunction, chronic allergic responses, inflammatory responses and ill health if they occur on
a continuing basis over time. This is an important area for future research.

* Specific findings from studies on exposures to various types of modern equipment and/or EMFs report over-reaction of the immune system; morphological alterations of
immune cells; profound increases in mast cells in the upper skin layers, increased degranulation of mast cells and larger size of mast cells in electrohypersensitive individuals;
presence of biological markers for inflammation that are sensitive to EMF exposure at non-thermal levels; changes in lymphocyte viability, decreased count of NK celis;
decreased count of T lymphocytes; negative effects on pregnancy (uteroplacental circulatory disturbances and placental dysfunction with possible risks to pregnancy);

suppressed or impaired immune function; and inflammatory responses which can nltimately result in cellular, tissue and organ damage.

+ Electrical hypersensitivity is reported by individuals in the United States, Sweden, Switzerland, Germany. Denmark and many other countries of the world. Estimates range
from 3% to perhaps 10% of populations, and appears to be a growing condition of ill-health leading to lost work and productivity.

» The WHO and IEEE literature surveys do not include all of the relevant papers cited here, leading to the conclusion that evidence has been ignored in the current WHO ELF
Health Criteria Monograph; and the proposed new IEEE C95.1 RF public exposure limits (April 2006).

+ The current international public safety limits for EMFs do not appear to be sufficiently protective of public health at all, based on the studies of immune function. New,
biologically-based public standards are warranted that take into account low-intensity effects on immune function and health that are reported in the scientific literature.
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Section 9 Neurology and Behavioral Effects

» Effects on neurophysiological and cognitive functions are quite well established.

» Studies on EEG and brain evoked-potentials in humans exposed to cellular phone radiation predominantly showed positive effects (i.e., positive means the exposure has the

ability to change brainwave activity even at exposure levels where no effect would be expected, based on traditional nnderstanding and safety Limits).

* There is hittle doubt that electromagnetic ficlds emitted by cell phones and cell phone use affect electrical activity in the brain,

*» The behavioral consequences of these neuroelectrophysiological changes are not always predictable and research on electrophysiology also indicates that effects are

dependent on the mental Joad of the subjects during exposure, e.g., on the complexity of the task that a subject is carrying ont.

» Most of the studies carried out so far are short-term exposure experiments, Whereas cell phone use causes long-term repeated exposure of the brain,

* In most of the behavioral experiments, effects were observed after the termination of RF exposure, In some experiments, tests were made days after exposure, This suggests a
persistent change in the nervous system after exposure to RF,

« In many mnstances, neurological and behavioral effects were observed at a SAR less than 4 W/kg. This directly contradicts the basic assumption of the IEEE guideline criterion.

+ Caution should be taken in concluding that a neurological effect resulted solely from the action of RF on the central nervous system because it is well known that the

functions of the central nervous systern can be affected by activity in the peripheral nervous system.
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Section 10  Brain Tumors and Acoustic Neuromas

+ Studies on brain tumors and use of mobile phones for > 10 years gave a consistent pattern of an increased risk for acoustic neuroma and glioma.

*» Cell phone use > 10 years give a consistent pattern of an increased risk for acoustic neuroma and glioma, most pronounced for high-grade glioma, The risk is highest for

ipsilateral exposure,

Section10  Brain Tumors and RF - Epidemiology

*  Only a few studies of long-term exposure to low levels of RF fields and brain tumors exist, all of which have methodological shortcomings including lack of quantitative
exposure assessment. Given the crude exposure categories and the likelihood of a bias towards the null hypothesis of no association, the body of evidence is consistent with

a moderately elevated risk.

* Occupational studies indicate that long-term exposure at workplaces may be associated with an elevated brain tumor risk.

¢ Although the population attributable risk is low (likely below 4%), still more than 1,000 cases per year in the US can be attributed to RF exposure at workplaces alone, Due

to the lack of conclusive studies of environmental RF exposure and brain tumors the potential of these exposures to increase the risk cannot be estimated.

*  Overall, the evidence suggests that long-term exposure to levels generally below current guideline levels still carry the risk of increasing the incidence of brain tumors.

» Epidemiological studies as reviewed in the IEEE C95.1 revision {2006) are deficient to the extent that the entire analysis is professionally unsupportable. TEEEs dismissal of
epidemiological studies that link RF exposure to cancer endpoints should be disregarded, as well as any IEEE conclusions drawn from this flawed analysis of epidemiclogical
studies.




(L JO g€ °bed
¢-8d 2Tnpayos

Table 1-1 Biolnitiative Report Overall Conclusions

Brain Tumors and Acoustic Neuromas
itional Data f ection

« Mobile phone use increases the risk of acoustic newroma for persons nsing a mobile phone 10 years or longer by 30% (when used on both sides of head) to 240% (habituaily
used on ope side of head). This information relies on a meta-analysis of several major studies. For acoustic neuroma studies by Loon et al., (2004), Christensen et al.,
{2004) Schoemaker et al., (2005) and Hardell et al., (2006a) all giving results for at least 10 years latency period or mote. Overall OR = 1.3, 95 % CI = 0.6-2.8 was obtained
increasing to OR = 2.4, 95 % CI = 1.1-5.3 for ipsilateral mobile phone use (Lonn et al., 2004, Schoemaker et al., 2005, Hardell et al., 2006).

+ There is observational support for the association between acoustic neuroma and the use of mobile phones since some studies report that the turnor is often located in an

anatomical area with high exposure during calls with cellular or cordless phones (Hardell et al., 2003).

+ Mobile phone use increases the risk of brain tumors {glioma) for persons using a mobile phone 10 years or longer by 20% (when used on both sides of head) to 200%
(habitually used on one side of head), This information relies on a meta-analysis of several major studies. For glioma OR = 1.2, [95 % CI = 0.8-1.9] was calculated (Ldnn et
al., 2005, Christensen et al., 2005, Hepworth et al., 2006, Schiiz et al., 2006, Hardell et al., 2006b, Lahkola et al.,, 2007). Ipsilateral use yielded OR = 2.0, [95 % CI = 1.2-
3.4 J(L6on et al., 2005, Hepworth et al.,, 2006, Hardell et al., 2006b, Lahkola et al., 2007).

» Cordless phone use is also associated with an increased risk for acoustic neuromas and brain tumors (both low-and high-grade gliomas (Hardell et al., 2006 a,b).

» The increased risk of acoustic neuroma from use of a cordless phone for ten years or more was reported to be 310% higher risk (when the cordless phone habitually used on
the same-side of the head) in Hardell et al., 2006a.

+ The increased risk of high-grade glioma from use of a cordless phone for ten years or more was reported to be 220% higher risk (when cordless used on both sides of head)
to 470% higher risk (when cordless used habitwally on same side of head) in Hardell et al., 2006b.

* The increased risk of low-grade glioma from use of a cordless phone for ten years or more was reported to be 60% higher risk (when cordless used on both sides of head) to
320% higher risk (when cordless used habitually on same side of head) in Hardell et al., 2006b.

» The current standard for exposure to microwaves during mobile phone use and for cordless phone use is not safe considering studies reporting long-term brain tumor risk.
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Section 11  Lenkemia

* The balance of evidence suggests that childhood lenkemia is associated with exposure to power frequency EMFs either during early iife or pregnancy.

* Considering only average ELF (MF flux densities) the population attributable risk is low to moderate, However there is a possibility that other exposure metrics are much

more strongly related to childhood leukemia and may account for a substantial proportion of cases. The population attributable fraction ranges between 1-4% (Kheifets et al.,
20073; 2-4% (Greentand & Kheifets 2006); and 3.3% {Greenland, 2001) assuming only exposures above 3 to 4 mG (0.3 ~ 0.4 pT) are relevant. However, if it is not average
ELF (average MF flux density) that is the metric causally related to childhood leukemia the attributable fraction can be much higher. Up to 80% of childhood leukemia may be
caused by exposure to ELF.

¢ Other childhood cancers except leukemia have not been studied in sufficient detail to allow conclusions about the existence and magnitude of the risk.

* TEEE guideline levels are designed to protect from short-term immediate effects, long-term effects, such as cancer are evoked by levels several orders of magnitudes below

current guideline levels.

*  Measures should be implemented to gnarantee that exposure due to transmission and distribution lines is below an average of about 1 mG (0.1 #T) and precautionary

measures are warranted that can reduce all aspects of exposure.
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Section 12 Melatonin, Alzheimers Disease and Breast Cancer
= There is strong epidemiologic evidence that long-term exposure to ELF magnetic field (MF) is a risk factor for Alzheimers disease.

* There is now evidence that 1) high levels of peripheral amyloid beta are a risk factor for AD and 2) medium to high MF exposure can increase peripheral amyloid beta.
High brain levels of amyloid beta are also a risk factor for AD and medium to high MF exposure to brain cells likely also increases these cells’ production of amyloid beta.

» There is considerable in vitro and animal evidence that melatonin protects against Alzheimer’s disease. Therefore it is certainly possible that low levels of melatonin

production are associated with an increase in the risk of AD.
* There are insufficient studies to formulate an opinion as to whether radiofrequency MF exposure is a risk factor for AD,

« Some studies on EMF show reduced melatonin levels, There is sufficient evidence from in vitro and animal studies, from human biomarker studies, from occupational and

light-at-night studies, and a single longitudinal study with appropriate collection of urine samples to conclude that high MF exposure may be a risk factor for breast cancer.

= There is rather strong evidence from case-control studies that longterm, high occupational exposure (& 10 mG or 1.0 #T)) to ELF magnetic fields is a risk factor for breast

cancer,

» Seamstresses are, in fact, one of the most highly MF exposed occupations, with exposure levels generally above 10 mG (1.0 xT) over a significant proportion of the
workday. They have also been consistently found to be at higher risk of Alzheimer’s disease and (female) breast cancer. This occupation deserves attention in future studies.

= There are no studies of RF magnetic fields on breast cancer that do not exclude ELF magnetic field, so that predictions of RF magnetic field alone on breast cancer cannot be

assessed at this time.
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Section 13  Melatonin — Cell and Animal Studies

+ An association between power-frequency electromagnetic fields (ELF) and breast cancer is strongly supported in the scientific literature by a constellation of relevant

scientific papers providing mutnally-reinforcing evidence from cell and animal studies.

« ELF at environmental levels negatively affects the oncostatic effects of both melatonin and tamoxifen on human breast cancer cells at commeon environmental levels of ELF
exposure at 6 to 12 mG (0.6 to 1.2 uT). Epidemiological studies over the last two decades have reported increased risk of male and female breast cancer with exposures to

residential and occupational levels of ELF, Animal studies have reported increased mammary tumor size and incidence in association with ELF exposure.

* ELF limits for public exposure should be revised to reflect increased risk of breast cancer at environmental levels possibly as low as 2 mG or 3 mG (0.2 to 0.3 uT); certainly
as low as 4 mG (0.4 xT).

Section 14 Effects of Modulation of Signal

* There is substantial scientific evidence that some modulated fields {pulsed or repeated signals) are bioactive, which increases the likelihood that they could have health
impacts with chronic exposure even at very low exposure levels,

» Modulation signals may interfere with normal, non-linear biological processes,
» Modulation is a fundamental factor that should be taken into account in new public safety standards; at present it is not even a contributing factor.

» To properly evalvate the biological and health impacts of exposure to modulated RF (carrier waves), it is also essential to siudy the impact of the modulating signal (lower
frequency fields or ELF-modulated RF).

.» Current standards have ignored modulation as a factor in human health impacts, and thus are inadequate in the protection of the public in terms of chronic exposure to some
forms of ELF-modulated RF signals.

» The current IEEE and ICNIRP standards are not sufficiently protective of public health with respect to chronic exposure to modulated fields (particularly new technologies
that are pulse-modulated and heavily used in cellular telephony).
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Section 14 Effects of Modulation of Signal (continued)

* The collective papers on modalation appear to be omitted from consideration in the recent WHO and IEEE science reviews. This body of research has been ignored by
cument standard setting bodies that rely only on traditional energy-based (thermal) concepts.

+ More research is needed to determine which modulation factors, and combinations are bioactive and deleterious at low intensities, and are likely to resulf in disease-related
processes and/or health risks; however this should not delay preventative actions supporting public health and wellness.

« If signals need to be modulated in the development of new wireless technologies, for example, it makes sense to use what existing scientific information is available to avoid
the most obviously deleterious exposure parameters and select others that may be less likely to interfere with normal biological processes in life.

« The current membership on Risk Assessment commitices needs to be made more inclusive, by adding scientists experienced with the research reporting non-thermal
biological effects.

* The current practice of segregating scientific investigations (and resulting public health limits) by artificial divisions of frequency needs to be changed because this approach
dramatically dilutes the impact of the basic science results and eliminates consideration of modulation signals, thereby reducing and distorting the weight of evidence in any
evaluation process.

Section 15  Therapeutic Uses of EMF at Low-Iniensity Levels

« EMFs are both a cause of disease, and also used for treatment of disease (at levels far below existing public exposure standards),

* Electromagnetic fields are widely used in therapentic medical applications.

+ Proof of effectiveness has been demonstrated in numerous clinical applications of low-intensity ELF and RF.

» EMFs have been shown to be effective in treating conditions of disease at energy levels far below current public exposure standards.
+ Indiscriminate EMFE exposure is iil advised at even at common environmental levels,

s Multiple sources of EMF exposure in daily life, and cumulative exposuzes to potentially harmful combinations of EMF are ignored - we don’t even study it properly yet.
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Section 16  The Precautionary Principle

* The Precautionary Principle has been developed to help justify public policy action on the protection of health where there are plausible, sertous and irreversible hazards

from current and future exposures and where there are many uncertainties and much scientific ignorance. EMF is characterized by such circumstances.

*» The lessons from the histories of most well known hazards show that precautionary- based yet proportionate measures taken in response to robust early warnings can avoid

the kinds of costs incurred by asbestos, smoking, PCBs ,X rays etc. Such lessons are relevant to the EMF issue.

* Policymakers need to be aware of the systematic biases within the environmental health science against finding a true hazard, in order to not compromise scientific integrity.

However, this bias can lead to the health of people or environments being compromised.

« The Precautionary Principle introduces the use of different levels of proof (or strengths of evidence ) to justify actions to reduce exposure, where the level of proof chosen
depends upon the nature and distribution of the costs of being wrong in acting, or not acting; the benefits of the agent or substance in question; the availability of alternatives,
etc. Waiting for high levels of scientific proof of causality, or for knowledge about mechanisms of action, can be very expensive in terms of compensation, health care, job

Tosses, reductions in public trust of scientists etc.

» The level of proof chosen to justify action dees not determine any particular policy measure, or type of action. This is dependent on factors such as the costs of different

measures, equity, the origins of the risk, ie voluntary or rmposed, etc.

* There is a need to involve stakeholders in helping to frame problems for risk assessments and to choose appropriate levels of proof and types of actions to reduce exposure,




LI JO v I
§—-8a =2Tnpsyoyg

Table 1-1 Biolnitiative Report Overall Conclusions

Section i7: Key Scientific Evidence and Public Health Pelicy Recommendations

» We canpot afford ‘business as usual” any longer. Tt is time that planning for new power lines and for new homes, schools and other habitable spaces around them is done
with provision for low-ELF environments. The business-as-usual deployment of new wireless technologies is likely to be risky and harder to change if society does not make
some educated decisions about limits soon. Research must continue to define what levels of RF related to new wireless technologies are acceptable; but more research should

not prevent or delay substantive changes today that might save money, lives and societal disruption tomorrow,

« New regulatory limits for ELF are warranted. ELF limits should be set below those exposure levels that have been linked in childhood leukemia studies to increased risk of
discase, plus an additional safety factor. It is no longer acceptable to build new power lines and electrical facilities that place people in ELF environments that have been

determined to be risky (at levels generally at 2 mG (0.2 4T) and above).

= While new ELF limits are being developed and implemented, a reasonable approach would be a 1 mG (0.1 4 T) planning limit for habitable space adjacent to all new or
upgraded power lines and a 2 mG (0.2 gT) Hemit for all other new construction, It is also recommended for that a 1 mG (0,1 »T) limit be established for existing

habitable space for children and/or women who are pregnant . This recommendation is based on the assumption that a higher burden of protection is required for children who
cannot protect themselves, and who are at risk for childhood leukemia at rates that are traditionally high enough to trigger regulatory action. This situation in particular

warrants extending the 1 mG (0.1 xT) lirmnit to existing occupied space. "Establish" in this case probably means formal public advisories from relevant health agencies.

» While it is not realistic to reconstruct all existing electrical distributions systems, in the short term; steps to reduce exposure from these existing systems need to be initiated,

especially in places where children spend time, and should be encouraged.

= A precantionary limit of 0.1 W/cm?2 (which is also 0.614 Volts per meter) should be adopted for outdoor, cumulative RF exposure. This reflects the current RF science and
prudent public health response that would reasonably be set for pulsed RF (ambient) exposures where people live, work and go to school. This level of RF is experienced as
whole-body exposure, and can be a chronic exposure where there is wireless coverage present for voice and data transmission for cell phones, pagers and PDAs and other
sources of radiofrequency radiation. Some studies and many anccdotal reports on ill health have been reported at lower levels than this; however, for the present time, it could
prevent some of the most disproportionate burdens placed on the public nearest to such installations. Although this RF target level does not preclude further rollout of WI-FI
technologies, we also recommend that wired alternatives to WI-FI be implemented, particnlarly in schools and libraries so that children are not subjected to elevated RF levels
until more is understood about possible health impacts. This recommendation should be seen as an interim precantionary limit that is intended to guwide preventative actions;

and more conservative limits may be needed in the future,
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Section 17:  Key Scientific Evidence and Public Health Policy Recommendations {continued)

* New public safety limits should be developed and implemented for ELF (50 Hz and 60 Hz electrical power frequencies). ELF limits should be set below those exposure
levels that bave been linked in childhood leukemia studies to increased risk of disease, plus an additional safety factor.

» Guidance should be provided to electric utilities on the need to reduce ELF exposures in siting and construction of new power lines and substations, Mitigation of existing
sources of ELF over 1 mG (0.1 4T) should be encouraged, particularly where children and women who are pregnant, or who may be come pregnant spend significant portions
of their time.

* Requests for measurement and monitoring of ELF and RF should be provided by utilities (for power ling and household ELF) and by employers (for workplace ELF and RF)
,and those who request information should receive full results of such surveys on request.

* International health organizations and agencies should issue public health advisories for those exposed to levels of ELF and RF implicated with increased risks from
cancer/nenrodegenerative discases and memory/learning/immune/stress responses. These advisories should address both residential and occupational exposures.

* Reliable, unbiased information should be developed and distributed through a clearinghouse that is available to the public. Scientific, public health and policy option
information should be provided for independent review at an affordable cost to the public. Research articles and prudent avoidance strategies should be made available in
many languages.

= Cell phones and other wireless devices should be redesigned to operate only on speaker-phone mode or text message mode.

*» Restrictions should be placed on the sale and advertising of cell phones and other wireless devices to children age 0 to 18 years.

« All countries should continue to provide wired phone service; and should be strongly discouraged from phasing it out; including pay telephones in public places.

* Manufacturers of devices that operate with wireless features should be required to carry SAR level information and warning labels on the outside packaging (not hidden
inside). Wireless devices that create elevated RF Ievels for the nser should be required to warn the user of possible adverse effects on memory and learning, cognitive function,
sleep disruption and insomnia, mood disorders, balance, headache, fatigue, ringing in the ears (tinnitus), immune function, and other adverse symptoms of use.

* Warning iabels on cell phones and PDAs (personal digital assistant devices) and other wireless devices are needed to alert users to excessively high ELF emissions from the
switching battery pack, and require labels to list mitigation measures to reduce exposure (do not wear on or near body in “ON-Receive” position; use only with earpiece or on
speaker mode, etc).

+ Disclosure should be provided to the public on the location and operating characteristics of all wireless antenna sites in a fashion easily accessible to the public so informed
choices can be made about where to live, shop, work and go to school. Such information should mandatorily include cumulative RE/MW exposures based on calculations from
FCC OET Bulletin 65 (or equivalent) at ground level and second story level in increments of 50 feet outward from the facility to a power density of 0.1 pW/ecm2 or 0.614
V/m. Signage for the public should be a mandatory condition of approval for all sites, and should be kept current. Public agencies that approve and monitor wireless sites
should require the applicant to identify locations of wireless facilities.
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Section17:  Key Scientific Evidence and Public Health Policy Recommendations (continued)

= Mobile phone - free and WI-FI-free public areas should be established in areas where the public congregates and can have a reasonable expectation of safety; including
airports, public shopping, hospitals, libraries, medical clinics, convalescent homes and assisted living facilities, theatres, restaurants, parks, etc.

* Health agencies and school districts should strongly discourage or prohibit cell towers on or near (within 1000” of) school properties, should delay any new WLAN
installations in school classrooms, pre-schools and day-care facilities; and should cither remove or disable existing wireless facilities, or be required to offer classrooms with no
RF exposure to those families who choose not to have their children involuntarily exposed.
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I. SUMMARY FOR THE PUBLIC
A. Introduction

The Biolnitiative Working Group concluded in 2007 that existing public safety
limits were inadequate to protect public health, and agreed that new, biologically-based
public safety limits were needed five years ago. The Biolnitiative Report was been
prepared by more than a dozen world-recognized experts in science and public health

policy; and outside reviewers also contributed valuable content and perspective.

From a public health standpoint, experts reasoned that it was not in the public
interest to wait. In 2007, the evidence at hand coupled with the enormous populations
placed at possible risk was argued as sufficient to warranted strong precautionary
measures for RFR, and lowered safety limits for ELF-EMF, The ELF recommendations
were biologically-based and reflected the ELF levels consistently associated with
increased risk of childhood cancer, and further incorporated a safety factor that is
proportionate to others used in similar circumstances. The public health cost of doing

nothing was judged to be unacceptable in 2007.

What has changed in 20127 In twenty-four technical chapters, the
contributing authors discuss the content and implications of about 1800 new studies.
Overall, these new studies report abnormal gene transcription (Section 5); genotoxicity
and single-and double-strand DNA damage (Section 6); stress proteins because of the
fractal RF-antenna like nature of DNA (Section 7); chromatin condensation and loss of
DNA repair capacity in human stem cells (Sections 6 and 15); reduction in free-radical
scavengers - particularly melatonin (Sections 5, 9, 13, 14, 15, 16 and 17); neurotoxicity in
humans and animals (Section 9); carcinogenicity in humans (Sections 11, 12, 13, 14, 15,
16 and 17); serious impacts on human and animal sperm morphology and function
(Section 18); effects on the fetus, neonate and offspring (Section 18 and 19); effects on
brain and cranial bone development in the offspring of animals that are exposed to ceil

phone radiation during pregnancy (Sections 5 and 18); and findings in autism spectrum
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disorders consistent with EMF/RFR exposure. This is only a snapshot of the evidence

presented in the BioInitiative 2012 updated report.

There is reinforced scientific evidence of risk from chronic exposure to low-
intensity electromagnetic fields and to wireless technologies (radiofrequency radiation
including microwave radiation). The levels at which effects are reported to occur is
lower by hundreds of times in comparison to 2007. The range of possible health effects
that are adverse with chronic exposures has broadened. There has been a big increase in
the number of studies looking at the effects of cell phones (on the belt, or in the pocket of
men radiating only on standby mode) and from wireless laptops on impacts to sperm
quality and motility; and sperm death (fertility and reproduction). In other new studies of
the fetus, infant and young child, and child-in-school — there are a dozen or more new
studies of importance. There is more evidence that such exposures damage DNA,
interfere with DNA repair, evidence of toxicity to the human genome (genes), more
worrisome effects on the nervous system (neurology) and more and better studies on the
effects of mobile phone base stations (wireless anfenna facilities or cell towers) that

report lower RFR levels over time can result in adverse health impacts.

Importantly, some very large studies were completed on brain tumor risk fiom cell
phone use. The 13-country World Health Organization Interphone Final study (2010)
produced evidence (although highly debated among fractious members of the research
committee) that cell phone use at 10 years or longer, with approximately 1,640 hours of
cumulative use of a cell and/or cordless phone approximately doubles glioma risk in
adults. Gliomas are aggressive, malignant tumors where the average life-span following
diagnosis is about 400 days. That brain tumors should be revealed in epidemiological
studies at ONLY 10 or more years is significant; x-ray and other ionizing radiation
exposures that can also cause brain tumors take nearly 15-20 years to appear making
radiofrequency/microwave radiation from cell phones a very effective cancer-causing
agent. Studies by Lennart Hardell and his research team at Orebro University in Sweden
later showed that children who start using a mobile phone in early years have more than a

5-fold (more than a 500%) risk for developing a glioma by the time they are in the 20-29
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year age group. This has significant ramifications for public health intervention.

In short order, in 2011 the World Health Organization International Agency on
Cancer Research (IARC) classified radiofrequency radiation as a Group 2B Possible
Human Carcinogen, joining the IARC classification of ELF-EMF that occurred in 2001.
The evidence for carcinogenicity for RFR was primarily from cell phone/brain tumor
studies but by JARC rules, applies to all RFR exposures (it applies to the exposure, not

just to devices like cell phones or cordless phones that emit RFR).

B. Why We Care?

The stakes are very high. Exposure to electromagnetic fields (both extremely low-
frequency ELF-EMF from power frequency sources like power lines and appliances; and
radiofrequency radiation or RFR) has been linked to a variety of adverse health cutcomes
that may have significant public health consequences. The most serious health endpoints
that have been reported to be associated with extremely low frequency (ELF) and/or
radiofrequency radiation (RFR) include childhood and adult leukemia, childhood and
adult brain tumors, and increased risk of the neurodegenerative diseases, Alzheimer’s and
amyotrophic lateral sclerosis (ALS). In addition, there are reports of increased risk of
breast cancer in both men and women, genotoxic effects (DNA damage, chromatin
condensation, micronucleation, impaired repair of DNA damage in human stem cells),
pathological leakage of the blood—brain barrier, altered immune function including
increased allergic and inflammatory responses, miscarriage and some cardiovascular
effects. Insomnia (sleep disruption) is reported in studies of people living in very low-
intensity RF environments with WI-FI and cell tower-level exposures. Short-term effects
on cognition, memory and learning, behavior, reaction time, attention and concentration,
and altered brainwave activity (altered EEG) are also reported in the scientific literature.
Biophysical mechanisms that may account for such effects can be found in various

articles and reviews (Sage, 2012).
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Traditional scientific consensus and scientific method is but one contributor to
deciding when to take public health action; rather, it is one of several voices that are
important in determining when new actions are warranted to protect public health.
Certainly it is important, but not the exclusive purview of scientists alone to determine

for all of society when changes are in the public health interest and welfare of children.

C. Do We Know Enough To Take Action?

Human beings are bioelectrical systems. Our hearts and brains are regulated by
internal bioelectrical signals. Environmental exposures to artificial EMFs can interact
with fundamental biological processes in the human body. In some cases, this may cause
discomfort, or sleep disruption, or loss of well-being (impaired mental functioning and
impaired metabolism) or sometimes, maybe it is a dread disease like cancer or
Alzheimer’s disease. It may be interfering with one’s ability to become pregnant, or to
carry a child to full term, or result in brain development changes that are bad for the
child, It may be these exposures play a role in causing long-term impairments to normal
growth and development of children, tipping the scales away from becoming productive
adults. The use of common wireless devices like wireless laptops and mobile phones
requires urgent action simply because the exposures are everywhere in daily life; we need
to define whether and when these exposures can damage health, or the children of the

future who will be born to parents now immersed in wireless exposures.

Since World War 11, the background level of EMF from electrical sources has
risen exponentially, most recently by the soaring popularity of wireless technologies such
as cell phones (six billion in 2011-12, up from two billion in 2006}, cordless phones, WI-
FT ,WI-MAX and LTE networks. Some countries are moving from telephone landlines
(wired) to wireless phones exclusively, forcing wireless exposures on uninformed
populations around the world. These wireless exposures at the same time are now
classified by the world’s highest authority on cancer assessment, the World Health
Organization International Agency for Research on Cancer. to be a possible risk to
health. Several decades of international scientific research confirm that EMFs are

biologically active in animals and in humans, Now, the balance has clearly shifted to one
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of ‘presumption of possible adverse effects’ from chronic exposure. It is difficult to
conclude otherwise, when the bioeffects that are clearly now occurring lead to such
conditions as pathological leakage of the blood-brain barrier (allowing toxins into the
brain tissues); oxidative damage to DNA and the human genome, preventing normal
DNA repair in human stem cells; interfering with health sperm production; producing
poor quality sperm or low numbers of healthy sperm, altering fetal brain development
that may be fundamentally tied to epidemic rates of autism and problems in school
children with memory, attention, concentration, and behavior; and leading to sleep

disruptions that undercut health and healing in numerous ways.

In today’s world, everyone is exposed to two types of EMFs: (1) extremely low
frequency electromagnetic fields (ELF) from electrical and electronic appliances and
power lines and (2) radiofrequency radiation (RFR) from wireless devices such as cell
phones and cordless phones, cellular antennas and towers, and broadcast transmission
towers. In this report we will use the term EMFs when referring to ail electromagnetic
fields in general; and the terms ELF or RFR when referring to the specific type of
exposure. They are both types of non-ionizing radiation, which means that they do not
have sufficient energy to break off electrons from their orbits around atoms and ionize
(charge) the atoms, as do x-rays, CT scans, and other forms of ionizing radiation. A
glossary and definitions are provided in this report to assist you. Some handy definitions
you will probably need when reading about ELF and RF in this summary section (the

language for measuring it) are shown in Section 26 — Glossary.

II. SUMMARY OF THE SCIENCE
A. Evidence for Damage to Sperm and Reproduction

Several international laboratories have replicated studies showing adverse effects
on sperm quality, motility and pathology in men who use and particularly those who wear
a cell phone, PDA or pager on their belt or in a pocket (See Section 18 for references -
Agarwal et al, 2008; Agarwal et al, 2009; Wdowiak et al, 2007; De Iuliis et al, 2009;
Fejes et al, 2005; Aitken et al, 2005; Kumar, 2012). Other studies conclude that usage of
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cell phones, exposure to cell phone radiation, or storage of a mobile phone close to the
testes of human males affect sperm counts, motility, viability and structure (Aitken et al,
2004; Agarwal et al, 2007; Erogul et al, 2006). Animal studies have demonstrated
oxidative and DNA damage, pathological changes in the testes of animals, decreased
sperm mobility and viability, and other measures of deleterious damage to the male germ
line (Dasdag et al, 1999; Yan et al, 2007; Otitoloju et al, 2010; Salama et al, 2008; Behari
et al, 2006; Kumar et al, 2012). There are fewer animal studies that have studied effects
of cell phone radiation on female fertility parameters. Panagopoulous et al (2012) report
decreased ovarian development and size of ovaries, and premature cell death of ovarian
follicles and nurse cells in Drosophila melanogaster. Gul et al (2009) reported rats
exposed to stand-by level RFR (phones on but not transmitting calls) had a decrease in
the number of ovarian follicles in pups born to these exposed dams. Magras and Xenos
(1997) reported irreversible infertility in mice after five (5) generations of exposure to
RFR at cell phone tower exposure levels of less than one microwatt per centimeter

squared (MW/cm2). See Section 18 for references.

HUMAN SPERM AND THEIR DNA ARE DAMAGED

Human sperm are damaged by cell phone radiation at very low intensities (0.00034 — 0.07
pW/cm2). There is a veritable flood of new studies reporting sperm damage in humans and
animals, leading to substantial concerns for fertility, reproduction and health of the offspring
(unrepaired de novo mutations in sperm). Exposure levels are similar to those resulting from
wearing a cell phone on the belt, or in the pants pocket, or using a wireless laptop computer on
the lap. Sperm lack the ability to repair DNA damage.

B. Evidence that Children are More Vulnerable: Many studies demonstrate
that children are more sensitive to environmental toxins of various kinds (See Section 24
for references - Barouki et al, 2012; Preston, 2004; WHO, 2002; Gee, 2009; Sly and
Carpenter, 2012)., Some studies report that the fetus and young children are at greater
risk than are adults from exposure to environmental toxins. This is consistent with a large
body of information showing that the fetus and young chiid are more vulnerable than
older persons are to chemicals and ionizing radiation. The US Environmental Protection

Agency (EPA) proposes a 10-fold risk adjustment for the first 2 years of life exposure to
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carcinogens, and a 3-fold adjustment for years 3 to 5. These adjustments do not deal with
fetal risk, and the possibility of extending this protection to the fetus should be examined,

because of fetus’ rapid organ development.

The Presidential Cancer Panel (2010) found that children “are at special visk due to their
smaller body mass and rapid physical development, both of which magnify their
vulnerability to known carcinogens, including radiation.”

The American Academy of Pediatrics, in a letter to Congressman Dennis Kucinich dated
12 December 2012 states: “Children are disproportionately affected by environmental
exposures, including cell phone radiation. The differences in bone density and the amount
of fluid in a child’s brain compared to an adult’s brain could allow children to absorb
greater quantities of RF energy deeper into their brains than adults. It is essential that any
new standards for cell phones or other wireless devices be based on protecting the
youngest and most vulnerable populations to ensure thay are safeguarded through their
lifetimes.”

The issue around exposure of children to RFR is of critical importance. There is
overwhelming evidence that children are more vulnerable than adults to many different
exposures (Sly and Carpenter, 2012), including RFR, and that the diseases of greatest
concern are cancer and effects on neurodevelopment. Yet parents place RFR-emitting
baby monitors in cribs, provide very young children with wireless toys, and give cell
phones to young children, usually without any knowledge of the potential dangers. A
growing concern is the movement to make all student computer laboratories in schools
wireless. A wired computer laboratory will not increase RFR exposure, and will provide

safe access to the internet (Section, Sage and Carpenter, Biolnitiative 2012 Report).

C. Evidence for Fetal and Neonatal Effects: Effects on the developing
fetus from in-utero exposure to cell phone radiation have been observed in both human
and animal studies since 2006. Sources of fetal and neonatal exposures of concern
include cell phone radiation (both paternal use of wireless devices worn on the body and
maternal use of wireless phones during pregnancy). Sources include exposure to whole-
body RFR from base stations and WI-FI, use of wireless laptops, use of incubators for
newborns with excessively high ELF-EMF levels resulting in altered heart rate variability

and reduced melatonin levels in newborns, fetal exposures to MRI of the pregnant
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mother, and greater susceptibility to leukemia and asthma in the child where there have
been maternal exposures to ELF-EMFE. Divan et al (2008) found that children born to
mothers who used cell phones during pregnancy develop more behavioral problems by
the time they have reached school age than children whose mothers did not use cell
phones during pregnancy. Children whose mothers used cell phones during pregnancy
had 25% more emotional problems, 35% more hyperactivity, 49% more conduct
problems and 34% more peer problems (Divan et al, 2008). Aldad et al (2012) showed
that cell phone radiation significantly altered fetal brain development and produced
ADHD-like behavior in the offspring of pregnant mice. Exposed mice had a dose-
dependent impaired glutamatergic synaptic transmission onto Layer V pyramidal
neurons of the prefrontal cortex. The authors conclude the behavioral changes were the
result of altered neuronal developmental programming in utero. Offspring mice were
hyperactive and had impaired memory function and behavior problems, much like the
human children in Divan et al (2008). See Sections 19 and 20 for references.
Fragopoulou et al (2012) reports that brain astrocyte development followed by proteomic
studies is adversely affected by DECT (cordless phone radiation) and mobile phone

radiation.

Fetal (in-utero) and early childhood exposures to cell phone radiation and wireless technologies
in general may be a risk factor for hyperactivity, learning disorders and behavioral problems in
school.

Common sense measures to limit both ELF-EMF and RF EMF in these populations is needed,
especially with respect to avoidable exposures like incubators that can be modified; and where
education of the pregnant mother with respect to laptop computers, mobile phones and other
sources of ELF-EMF and RF EMF are easily instituted.

A precautionary approach may provide the frame for decision-making where remediation actions
have to be realized to prevent high exposures of children and pregnant woman.

(Bellieni and Pinto, 2012 ~ Section 19)
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D. Evidence for Effects on Autism (Autism Spectrum Disorders)

Physicians and health care practitioners should raise the visibility of EMF/RFR as
a plausible environmental factor in ASD clinical evaluations and treatment protocols.
Reducing or removing EMF and wireless RFR stressors from the environment is a

reasonable precautionary action given the overall weight of evidence for a link to ASDs.

Several thousand scientific studies over four decades point to serious biological
effects and health harm from EMF and RFR. These studies report genotoxicity, single-
and double-strand DNA damage, chromatin condensation, loss of DNA repair capacity in
human stem cells, reduction in free-radical scavengers (particularly melatonin), abnormal
gene transcription, neurotoxicity, carcinogenicity, damage to sperm morphology and
function, effects on behavior, and effects on brain development in the fetus of human
mothers that use cell phones during pregnancy. Cell phone exposure has been linked to
altered fetal brain development and ADHD-like behavior in the offspring of pregnant

mice.

Many disrupted physiological processes and impaired behaviors in people with ASDs
closely resemble those related to biological and health effects of EMF/RFR exposure.
Biomarkers and indicators of disease and their clinical symptoms have striking
similarities. At the cellular and molecular level many studies of people with ASDs have
identified oxidative stress and evidence of free-radical damage, as well as deficiencies of
antioxidants such as glutathione. Elevated intracellular calcium in ASDs can be
associated with genetic mutations but more often may be downstream of inflammation or
chemical exposures. Lipid peroxidation of cell membranes, disruption of calcium
metabolism, altered brain wave activity and consequent sleep, behavior and immune
disfunction, pathological leakage of critical barriers between gut and blood or blood and
brain may also occur. Mitochondria may function poorly, and immune system
disturbances of various kinds are common, Changes in brain and autonomic nervous
system electrophysiology can be measured and seizures are far more common than in the

population at large. Sleep disruption and high levels of stress are close to universal. All
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of these phenomena have also been documented to result from or be modulated by
EMEF/RFR exposure,

¢ Children with existing neurological problems that include cognitive, learning, attention,
memory, or behavioral problems should as much as possible be provided with wired (not
wireless) learning, living and sleeping environments.

» Special education classrooms should observe 'no wireless' conditions to reduce avoidable
stressors that may impede social, academic and behavioral progress.

o All children should reasonably be protected from the physiological stressor of
significantly elevated EMF/RFR (wireless in classrooms, or home environments).

» School districts that are now considering ali-wircless learning environments should be
strongly cautioned that wired environments are likely to provide better learning and
teaching environments, and prevent possible adverse health consequences for both
students and faculty in the long-term.

s Monitoring of the impacts of wireless technology in learning and care environments
should be performed with sophisticated measurement and data analysis techniques that
are cognizant of the non-linear impacts of EMF/RFR and of data techniques most
appropriate for discerning these impacts.

s There is sufficient scientific evidence to warrant the selection of wired internet, wired
classrooms and wired learning devices, rather than making an expensive and potentially
health-harming commitment to wireless devices that may have to be substituted out later.

»  Wired classrooms should reasonably be provided to all students who opt-out of wireless
environments. {Herbert and Sage, 2012 — Section 20)

The public needs to know that these risks exist, that transition to wireless should not

be presumed safe, and that it is very much worth the effort to minimize exposures that

still provide the benefits of technology in learning, but without the threat of health risk

and development impairments to learning and behavior in the classroom.

Broader recommendations also apply, related to reducing the physiological

vulnerability to exposures, reduce allostatic load and build physiological resiliency

through high quality nutrition, reducing exposure to toxicants and infectious agents, and

reducing stress, all of which can be implemented safely based upon presently available

knowledge.
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E. Evidence for Electrohypersensitivity: The contentious question of whether
electrohypersensitivity exists as a medical conditon and what kinds of testing might
reveal biomarkers for diagnosis and treatment has been furthered by several new studies
presented in Section 24 — Key Scientific Evidence and Public Health Policy
Recommendations. What is evident is that a growing number of people world-wide have
serious and debilitating symptoms that key to various types of EMF and RFR exposure.
Of'this there is little doubt. The continued massive rollout of wireless technologies, in
particular the wireless ‘smart’ utility meter, has triggered thousands of complaints of ill-
heaith and disabling symptoms when the installation of these meters is in close proximity

to family home living spaces.

McCarty et al (2011) studied electrohypersensitivity in a patient (a female
physician). The patient was unable to detect the presence or absence of EMF exposure,
largely ruling out the possibility of bias. In multiple trials with the fields either on or not
on, the subject experienced and reported temporal pain, feeling of unease, skipped
heartbeats, muscle twitches and/or strong headache when the pulsed field (100 ms,
duration at 10 Hz) was on, but no or mild symptoms when it was off. Symptoms from
continuous fields were less severe than with pulsed fields. The differences between field
on and sham exposure were significant at the p < 0.05 level. The authors conclude that
electromagnetic hypersensitivity is a neurological syndrome, and statistically reliable
somatic reactions can be provoked in this patient by exposure to 60-Hz electric fields at
300 volts per meter (V/m). Marino et al (2012) responded to comments on his study with
McCarty saying “EMF hypersensitivity can occur as a bona fide environmentally
inducible neurological syndrome. We followed an empirical approach and demonstrated
a cause-and-effect relationship (p < 0.05) under conditions that permitted us to infer the

existence of electromagnetic hypersensitivity (EHS), a novel neurological syndrome.”

The team of Sandstrom, Hansson Mild and Lyskov produced numerous papers
between 1994 and 2003 involving people who are electrosensitive (See Section 24 -
Lyskov et al, 1995; Lyskov et al, 1998; Sandstrom et al, 1994; Sandstrom et al, 1995;

Schedule DS5-5

13 Page 60 of 77



Sandstrom et al, 1997; Sandstrom et al, 2003). Sandstrom et al (2003) presented
evidence that heart rate variability is impaired in people with electrical hypersensitivity

and showed a dysbalance of the autonomic nervous system.

“EHS patients had a disturbed pattern of circadian rhythms of HRF and
showed a relatively ‘flat’ representation of hourly-recorded spectral power of the
HF component of HRV”. This research team also found that “EHS patients have
a dysbalance of the autonomic nervous system (ANS) regulation with a trend to
hyper-sympathotonia, as measured by heart rate (HR) and electrodermal activity,
and a hyperreactivily lo different external physical factors, as measured by brain
evoked potentials and sympathetic skin responses to visual and audio
stimulation.” (Lyskov et al, 2001 a,b; Sandstrom et al, 1997).

The reports referenced above provide evidence that persons who report being
electrosensitive differ from others in having some abnormalities in the autonomic

nervous system, reflected in measures such as heart rate variability.

F. Evidence for Effects from Cell Tower-Level RFR Exposures

Very low exposure RER levels are associated with bioeffects and adverse health
effects. At least five new cell tower studies are reporting bioeffects in the range of 0.001
to 0.05 pW/em2 at lower levels than reported in 2007 (0.05 to 0.1 uW/em?2 was the range
below which, in 2007, effects were not observed). Researchers report headaches,
concentration difficulties and behavioral problems in children and adolescents; and sleep
disturbances, headaches and concentration problems in adults. Public safety standards
are 1,000 — 10,000 or more times higher than levels now commonly reported in mobile

phone base station studies to cause bioeffects.

Since 2007, five new studies of base-station level RFR at intensitites ranging from less
than 0.001 uW/em2 {o 0,05 uW/cm?2 report headaches, concentration difficulties and behavioral
problems in chitdren and adolescents; and steep disturbances, headaches and concentration
problems in adults.
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G. Evidence for Effects on the Blood-brain Barrier (BBB): The Lund
University (Sweden) team of Leif Salford, Bertil Persson and Henrietta Nittby has done
pioneering work on effects of very low level RFR on the human brain’s protective lining

—the barrier that protects the brain from large molecules and toxins that are in the blood.

THE BLOOD-BRAIN BARRIER IS AT RISK

The BBB is a protective barrier that prevents the flow of toxins into sensitive brain fissue.
Increased permeability of the BBB caused by cell phone RFR may resulf in neuronal
damage. Many research studies show that very low infensity exposures to RFR can affect
the blood-brain barrier (BBB) (nostly animal studies). Summing up the vesearch, it is
more probable than unlikely that non-thermal EMF from cell phones and base stations
do have effects upon biclogy. A single 2-hr exposure to cell phone radiation can result in
increased leakage of the BBB, and 50 days after exposure, nenwronal damage can be seen,
and at the later time point also albumin leakage is demonstrated. The levels of RFR
needed to affect the BBB have been shown to be as low as 0.001 W/kg, or less than
holding a mobile phone at arm's length. The US FCC standard is 1.6 Wrkg; the ICNIRP
standard is 2 Wikg of energy (SAR) into brain tissue from cell/cordiess phone use. Thus,
BBB effects occur at about 1000 times lower RFR exposure levels than the US and
ICNIRP limits allow. (Salford et al, 20112 - Section 10)

H. Evidence for Effects on Brain Tumors: The Orebro University (Sweden)
team led by Lennart Hardell, MD, an oncologist and medical researcher, has produced an
extraordinary body of work on environmental toxins of several kinds, including the

effects of radiofrequency/microwave radiation and cancer. Their 2012 work concludes:

“Based on epidemiological studies there is a consistent pattern of increased risk for
glioma and acoustic neuroma associated with use of mobile phones and cordless phones.
The evidence comes mainly from two study centres, the Hardell group in Sweden and the
Interphone Study Group. No consistent patfern of an increased risk is seen for
meningioma. A systematic bias in the studies that explains the results would also have
been the case for meningioma. The different risk pattern for tumor type strengthens the
Sindings regarding glioma and acoustic neuroma. Meta-analyses of the Hardell group
and Interphone studies show an increased risk for glioma and acoustic neuroma.
Supportive evidence comes also from anatomical localisation of the tumor to the most
exposed area of the brain, cumidative exposure in hours and latency time that all add to
the biological relevance of an increased risk. In addition risk calculations based on
estimated absorbed dose give strength fo the findings. (Hardell et al, 2012 — Section 11)
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“There is reasonable basis to conclude that RF-EMFs are bioactive and have a
potential to cause health impacts. There is a consistent pattern of increased risk
Jor glioma and acoustic neuroma associated with use of wireless phones (mobile
phones and cordless phones) mainly based on results from case-control studies
Jrom the Hardell group and Interphone Final Study results. Epidemiological
evidence gives that RF-EMF should be classified as a human carcinogen.

Based on our own research and review of other evidence the existing FCC/IEE
and ICNIRP public safety limits and reference levels are not adequate to protect
public health. New public health standards and limits are needed,

1. Evidence for Genotoxic Effects (Genotoxicity)

Genetic Damage (Genotoxicity Studies): There are at least several hundred published
papers that report EMF (ELF/RFR) can affect cellular oxidative processes (oxidative
damage). Increased free radical activity and changes in enzymes involved in cellular
oxidative processes are the most consistent effects observed in cells and animals after
EMF exposure. Aging may make an individual more susceptible to the detrimental
effects of ELF EMF from oxidative damage, since anti-oxidants may decline with age.
Clearly, the preponderance of genetic studies report DNA damage and failure to repair
DNA damage.

Eighty six (86) new papers on genotoxic effects of RFR published between 2007
and mid-2012 are profiled. Of these, 54 (63%) showed effects and 32 (37%)
showed no effects (Lai, 2012)

Forty three (43) new ELF-EMF papers and two static magnetic field papers that
report on genotoxic effects of ELF-EMF published between 2007 and mid-2012
are profiled. Ofthese, 35 (81%) show effects and 8 (19%) show no effect.

(Lai, 2012 — Section 6).

K. Evidence for Effects on the Nervous System: Factors that act directly or
indirectly on the nervous system can cause morphological, chemical, or electrical
changes in the nervous system that can lead to neurological effects. Both RF and ELF

EMEF affect neurological functions and behavior in animals and humans.
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One hundred fifty five (155) new papers that report on neurological effects of
RFR published between 2007 and mid-2012 are profiled. Of these, 98 (63%)
showed effects and 57 (37%) showed no effects.

Sixty nine (69) new ELF-EMF papers (including two static field papers) that
report on genotoxic effects of ELF-EMF published between 2007 and mid-2012
are profiled. Ofthese, 64 (93%) show effects and 5 (7%) show no effect.

(Lai, 2012 — Section 9)

K. Kvidence for Cancer (Childhood Leukemia): With overall 42
epidemiological studies published to date power frequency EMFs are among the most
comprehensively studied environmental factors. Except ionizing radiation no other
environmental factor has been as firmly established to increase the risk of childhood

leukemia.

Sufficient evidence from epidemiological studies of an increased risk from exposure to EMF
(power frequency magnetic fields) that cannot be attributed to chance, bias or confounding.
Therefore, according to the rules of TARC such exposures can be classified as a Group 1
carcinogen (Known Carcinogen). (Kundi, 2012 — Section 12)

There is no other risk factor identified so far for which such unlikely conditions have been put
forward to postpone or deny the necessity to take steps towards exposure reduction. As one step
in the direction of precaution, measures should be implemented to guarantee that exposure due to
transmission and distribution lines is below an average of about 1 mG. This value is arbitrary at
present and only supported by the fact that in many studies this level has been chosen as a
reference, (Kundi, 2012 — Section 12)

L. Melatonin, Breast Cancer and Alzheimer’s Disease: Eleven (11) of the 13
published epidemiologic residential and occupational studies are considered to
provide (positive) evidence that high ELF magnetic fields (MF) exposure can
result in decreased melatonin production. The two negative studies had
important deficiencies that may certainly have biased the results. There is
sufficient evidence to conclude that long-term relatively high ELF MF exposure
can result in a decrease in melatonin production. It has not been determined to
what extent personal characteristics, e.g., medications, interact with ELF MF

exposure in decreasing melatonin production.
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MELATONIN AND BREAST CANCER: There is sufficient evidence to conclude that
long-term relatively high ELF MF exposure can result in a decrease in melatonin
production. It has not been determined to what extent personal characteristics, e.g.,
medications, interact with ELF MF exposure in decreasing melatonin production. New
research indicates that ELF MF exposure, in vitro, can significantly decrease melatonin
activity through effects on MT1, an important melatonin receptor. Five longitudinal
studies have now been conducted of low melatonin production as a risk factor for breast
cancer. There is increasingly strong longitudinal evidence that low melatonin
production is a risk factor for at least post-menopausal breast cancer.

(Davanipour and Sobel, 2012 — Section 13)

ALZHEIMER’S DISEASE: There is now evidence that a) high levels of
peripheral amyloid beta are a risk factor for AD and b) medium to high ELF MF

exposure can increase peripheral amyloid beta. High brain levels of amyloid
beta are also arisk factor for AD and medium to high ELF MF exposure to brain
cells likely also increases these cells’ production of amyloid beta. There is
considerable in vitro and animal evidence that melatonin protects against AD.
Therefore it is certainly possible that low levels of melatonin production are

associated with an increase in the risk of AD.

There is strong epidemiologic evidence that exposure to ELF MF is a risk factor for AD.
There are now twelve (12) studies of ELF MF exposure and AD or dementia.
Nine (9) of these studies are considered positive and three (3) are considered negative.
The three negative studies have serious deficiencies in ELF MF exposure classification
that results in subjects with rather low exposure being considered as having significant
exposure. There are insufficient studies to formulate an opinion as to whether
radiofrequency MF exposure is a risk or protective factor for AD.

There is now evidence that (i) high levels of peripheral amyloid beta are a risk factor for
AD and (ii) medium to high ELF MF exposure can increase peripheral amyloid beta,
High brain levels of amyloid beta are also a risk factor for AD and medium to high ELF
MF exposure to brain cells likely also increases these cells’ production of amyloid beta.

There is considerable in vitro and animal evidence that melatonin protects against AD.
Therefore it is certainly possible that low levels of melatonin production are associated
with an increase in the risk of AD.

{Davanipour and Sobel, 2012 — Section 13)
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M. Stress, Stress Proteins and DNA as a Fractal Antenna: Any agent (EMF,
jonizing radiation, chemicals, heavy metals, etc) that continuously generates stress
proteins is not adaptive, and is harmful, if it is a constant provocation. The work of
Martin Blank and Reba Goodman of Columbia University has established that stress
proteins are produced by ELF-EMF and RFR at levels far below current safety standards
allow. Further, they think DNA is actually a very good fractal RF-antenna which is very
sensitive to low doses of EMF, and may induce the cellular processes that result in
chronic ‘unrelenting’ stress. That daily environmental levels of ELF-EMF and RFR can
and do throw the human body into stress protein response mode (out of homeostasis) is a
fundamental and continuous insult. Chronic exposures can then result in chronic ill-
heaith,

“It appears that the DNA molecule is particularly vulnerable to damage by EMF
because of the coiled-coil configuration of the compacted molecule in the nucleus.
The unusual structure endows it with the self similarity of a fractal antenna and
the resulting sensitivity to a wide range of frequencies. The greater reactivity of
DNA with EMF, along with a vulnerability to damage, underscores the urgent
need to revise EMF exposure standards in order to protect the public. Recent
studies have also exploited the properties of stress proteins to devise therapies for
limiting oxidative damage and reducing loss of muscle strength associated with
aging.” ' (Blank, 2012- Section 7)

DNA acts as a ‘fractal antenna’ for EMF and RFR. The coiled-coil structure of DNA in the
nucleus makes the molecule react like a fractal antenna to a wide range of frequencies.

The structure makes DNA particularly valnerable to EMF damage.

The mechanism involves direct interaction of EMF with the DNA molecule (claims that there are
no known mechanisms of interaction are patently false).

Many EMF frequencies in the environment can and do cause DNA changes.

The EMF-activated cellular stress response is an effective protective mechanism for cells exposed
to a wide range of EMF frequencies.

EMF stimulates stress proteins (indicating an assault on the cell).

EMF efficiently harms cells at a billion times lower levels than conventional heating,
(Blank, 2012- Section 7)
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Safety standards based on heating are irrelevant to protect against EMF -levels of
exposure, There is an urgent need to revise EMF exposure standards. Research has
shown thresholds are very low (safety standards must be reduced to limit biological
responses). Biologically-based EMF safety standards could be developed from the

research on the stress response.
(Blank, 2012~ Section 7)

N. Effects of Weak-Field Interactions on Non-Linear Biological
Oscillators and Synchronized Neural Activity

A unifying hypothesis for a plausible biological mechanism to account for very
weak field EMF bioeffects other than cancer may lie with weak field interactions of
pulsed RFR and ELF-modulated RFR as disrupters of synchronized neural activity.
Electrical rhythms in our brains can be influenced by external signals. This is
consistent with established weak field effects on coupled biological oscillators in living
tissues. Biological systems of the heart, brain and gut are dependent on the cooperative
actions of cells that function according to principles of non-linear, coupled biclogical
oscillations for their synchrony, and are dependent on exquisitely timed cues from the
environment at vanishingly small levels (Buzsaki, 20006; Strogatz, 2003). The key to
synchronization is the joint actions of cells that co-operate electrically - linking
populations of biological oscillators that couple together in large arrays and synchronize
spontaneously. Synchronous biological oscillations in cells (pacemaker cells) can be
disrupted by artificial, exogenous environmental signals, resuiting in desynchronization
of neural activity that regulates critical functions (including metabolism) in the brain, gut
and heart and circadian rhythms governing sleep and hormone cycles (Strogatz, 1987).
The brain contains a population of oscillators with distributed natural frequencies, which
pull one another into synchrony (the circadian pacemaker cells). Strogatz has addressed
the unifying mathematics of biological cycles and external factors disrupt these cycles
(Strogatz, 2001, 2003).  “Rhythms can be altered by a wide variety of agents and that

these perturbations must seriously alter brain performance” (Buzsaki, 2006).
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1. EMF EXPOSURE AND PRUDENT PUBLIC HEALTH PLANNING

Chronic exposure to low-intensity RFR and to ELF-modulated RFR at today’s
environmental levels in many cities will exceed thresholds for increased risk of many
diseases and causes of death (Sage and Huttunen, 2012). RFR exposures in daily life
alter homeostasis in human beings. These exposures can alter and damage genes, trigger
epigenetic changes to gene expression and cause de novo mutations that prevent genetic
recovery and healing mechanisms. These exposures may interfere with normal cardiac
and brain function; alter circadian rhythms that regulate sleep, healing, and hormone
balance; impair short-term memory, concentration, learning and behavior; provoke
aberrant immune, allergic and inflammatory responses in tissues; alter brain metabolism;
increase risks for reproductive failure (damage sperm and increase miscarriage risk); and
cause cells to produce stress proteins. Exposures now common in home and school
environments are likely to be physiologically addictive and the effects are particularly

serious in the young (Sage and Huttunen, 2012).

IV. RECOMMENDED ACTIONS
A. Defining preventative actions for reduction in RFR exposures

ELF-EMF AND RFR ARE CLASSIFIED AS POSSIBLE CANCER-CAUSING
AGENTS -~ WHY ARE GOVERNMENTS NOT ACTING?

The World Health Organization International Agency for Research on Cancer has
classified wireless radiofrequency as a Possible Human Carcinogen (May, 2011)*. The
designation applies to low-intensity RFR in general, covering all RFR-emitting devices
and exposure sources (cell and cordless phones, WI-F1, wireless laptops, wircless
hotspots, electronic baby monitors, wireless classroom access points, wireless antenna
facilities, etc). The IARC Panel could have chosen to classify RFR as a Group 4 — Not A
Carcinogen if the evidence was clear that RFR is not a cancer-causing agent. It could
also have found a Group 3 designation was a good interim choice (Insufficient Evidence),
TIARC did neither.
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NEW SAFETY LIMITS MUST BE ESTABLISHED —
HEALTH AGENCIES SHOULD ACT NOW
Existing public safety limits (FCC and ICNIRP public safety limits) do not sufficiently
protect public health against chronic exposure from very low-intensity exposures. If no
mid-course corrections are made to existing and outdated safety limits, such delay will
magnify the public health impacts with even more applications of wireless-enabled

technologies exposing even greater populations around the world in daily life.

SCIENTIFIC BENCHMARKS FOR HARM PLUS SAFETY MARGIN = NEW
SAFETY LIMITS THAT ARE VALID

Health agencies and regulatory agencies that set public safety standards for ELF-EMF
and RFR should act now to adopt new, biologically-relevant safety limits that key to the
lowest scientific benchmarks for harm coming from the recent studies, plus a lower safety
margin. Existing public safety limits are too high by several orders of magnitude, if
prevention of bioeffects and resulting adverse health effects are to be minimized or
eliminated. Most safety standards are a thousand times or more too high to protect

healthy populations, and even less effective in protecting sensitive subpopulations.

SENSITIVE POPULATIONS MUST BE PROTECTED
Safety standards for sensitive populations will more likely need to be set at lower levels
than for healthy adult populations. Sensitive populations include the developing fetus,
the infant, children, the elderly, those with pre-existing chronic diseases, and those with

developed electrical sensitivity (EHS).

PROTECTING NEW LIFE - INFANTS AND CHILDREN
Strong precautionary action and clear public health warnings are warranted immediately
to help prevent a global epidemic of brain tumors resulting from the use of wireless
devices (mobile phones and cordless phones). Common sense measures to limit both
ELF-EMF and RFR in the fetus and newborn infant (sensitive populations) are needed,

especially with respect to avoidable exposures like baby monitors in the crib and baby
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isolettes (incubators) in hospitals that can be modified; and where education of the
pregnant mother with respect to laptop computers, mobile phones and other sources of
ELF-EMF and RFR are easily instituted.

Wireless laptops and other wireless devices should be strongly discouraged in schools for

children of all ages.

STANDARD OF EVIDENCE FOR JUDGING THE SCIENCE
The standard of evidence for judging the scientific evidence should be based on good
public health principles rather than demanding scientific certainty before actions are

talen,

WIRELESS WARNINGS FOR ALL
The continued rollout of wireless technologies and devices puts global public health at
risk from unrestricted wireless commerce unless new, and far lower exposure limits and

strong precautionary warnings for their use are implemented.

EMF AND RFR ARE PREVENTABLE TOXIC EXPOSURES

We have the knowledge and means fo save global populations from mulit-generational
adverse health consequences by reducing both ELF and RFR exposures. Proactive and
immediate measures to reduce unnecessary EMF exposures will lower disease burden

and rates of premature death,

B. Defining new ‘effect level’ for RFR
Section 24 concludes that RFR ‘effect levels’ for biceffects and adverse health
effects justify new and lower precautionary target levels for RFR exposure. New
epidemiological and laboratory studies are finding effects on humans at lower exposure
levels where studies are of longer duration (chronic exposure studies). Real-world

experience is revealing worrisome evidence that sperm may be damaged by cell phones
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even on stand-by mode; and people can be adversely affected by placing new wireless
pulsed RFR transmitters (utility meters on the sides or interiors of homes), even when the
time-weighted average for RFR is miniscule in both cases.

There is increasing reason to believe that the critical factor for biologic
significance is the intermittent pulse of RF, not the time-averaged SAR. For example,
Hansson Mild et al, (2012) concluded there could be no effect on sleep and testicular
function from a GSM mobile phone because the “exposure in stand-by mode can be
considered negligible”. It may be that we, as a species, are more susceptable than we
thought to intermittent, very low-intensity pulsed RFR signals that can interact with
critical activities in living tissues. It is a mistake to conclude that the effect does not exist
because we cannot explain HOW it is happening or it upsets our our mental construct of

how things should work.

This highlights the serious limitation of not taking the nature of the pulsed RFR
signal (high intensity but intermittent, microsecond pulses of RFR) into account in the
safety standards. This kind of signal is biologically active. Even if it is essentially
mathematically invisible when the individual RFR pulses are time-averaged, it is

apparently NOT invisible to the human body and its proper biological functioning.

For these reasons, and in light of parallel scientific work on non-linear
biological oscillators including the accepted mathematics in this branch of science
regarding coupled oscillators (Bezsaki, 2006; Strogatz, 2001, 2003), it is essential to
think forward about the ramifications of shifting national energy strategies toward
ubiquitous wireless systems. And, it is essential to re-think safety standards to take into
account the exquisite sensitivity of biological systems and tissue interactions where the
exposures are pulsed and cumulatively insignificant over time-scale averaging, but highly |

relevant to body processes and functioning. If'it is true that weak-field effects have
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control elements over synchrono.us activity of neurons in the brain, and other pacemaker
cells and tissues in the heart and gut that drive essential metabolic pathways as a result,
then this will go far in explaining why living tissues are apparently so reactive to very
small inputs of pulsed RFR, and lead to better understanding of what is required for new,

biologically-based public exposure standards.

A reduction from the Biolnitiative 2007 recommendation of 0.1 uW/cm2 (or
one-tenth of a microwatt per square centimeter) for cumulative outdoor RFR down to
something three orders of magnitude lower (in the low nanowatt per square centimeter
range) is justified on a public health basis. We use the new scientific evidence
documented in this Report to identify ‘effect levels’ and then apply one or more reduction
factors to provide a safety margin, A cautionary target level for cumulative, outdoor
pulsed RFR exposures for ambient wireless that could be applied to RFR sources from
cell tower antennas, WI-FI, WI-MAX and other similar sources is proposed. Research is
needed to determine what is biologically damaging about intermittent pulses of RFR, and
how to provide for protection in safety limits against it. With this knowledge it might be

feasible to recommend a higher time-averaged number.

A scientific benchmark of 0.003 uW/cm2 or three nanowaits per centimeter
squared for ‘lowest observed effect level’ for RFR is based on mobile phone base
station-level studies. Applying a ten-fold reduction to compensate for the lack of long-
term exposure (to provide a safety buffer for chronic exposure, if needed) or for children
as a sensitive subpopulation (if studies are on adults, not children) yields a 300 to 600
picowatts per square centimeter precautionary action level. This equates to a 0.3
nanowatts to 0.6 nanowatts per square centimeter as a reasonable, precautionary action
level for chronic exposure to pulsed RFR.  Even so, these levels may need to change in

the future, as new and better studies are completed. This is what the authors said in 2007
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(Carpenter and Sage, 2007, Biolnitiative Report) and it remains true today in 2012. We
leave room for future studies that may lower or raise today’s observed ‘effects levels’ and

should be prepared to accept new information as a guide for new precautionary actions.
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BIOINITIATIVE 2012 - CONCLUSIONS Table 1-1

Overall, these 1800 or so new studies report abnormal gene transcription (Section 5); genotoxicity
and single-and double-strand DNA damage {Section 6); stress proteins because of the fractal RF-

antenna like nature of DNA (Section 7); chromatin condensation and loss of DNA repair capacity

in human stem cells (Sections 6 and 15); reduction in free-radical scavengers - particularly

melatonin (Sections 5, 9, 13, 14, 15, 16 and 17); neurotoxicity in humans and animals (Section 9),

carcinogenicity in humans (Sections 11, 12, 13, 14, 15, 16 and 17); serious impacts on human and
animal sperm morphology and function (Section 18); effects on offspring behavior {Section 18,
19 and 20); and effects on brain and cranial bone development in the offspring of animals that are
exposed to cell phone radiation during pregnancy (Sections 5 and 18). This is only a snapshot of

the evidence presented in the Biolnitiative 2012 updated report.

BIOEFFECTS ARE CLEARLY ESTABLISHED

Bioeffects are clearly established and occur at very low levels of exposure to
electromagnetic fields and radiofiequency radiation. Bioeffects can occur in the first few
minutes at levels associated with cell and cordless phone use. Bioeffects can also occur
from just minutes of exposure to mobile phone masts (cell towers), WI-FI, and wireless
utility ‘smart’ meters that produce whole-body exposure. Chronic base station level
exposures can result in iliness.

BIOEFFECTS WITH CHRONIC EXPOSURES CAN REASONABLY BE
PRESUMED TO RESULT IN ADVERSE HEALTH EFFECTS

Many of these bioeffects can reasonably be presumed to result in adverse health effects if the
exposures are prolonged or chronic., This is because they interfere with normal body processes
(disrupt homeostasis), prevent the body from healing damaged DNA, produce immune system

imbalances, metabolic disruption and lower resilience to disease across multiple pathways.
Essential body processes can eventually be disabled by incessant external stresses (from system-
wide electrophysiological interference) and lead to pervasive impairment of metabolic and
reproductive functions.

LOW EXPOSURE LEVELS ARE ASSOCIATED WITH BIOEFFECTS AND
ADVERSE HEALTH EFFECTS AT CELL TOWER RFR EXPOSURE LEVELS

At least five new cell tower studies are reporting bioeffects in the range of 0,003 to 0.05 pW/cm2
at Tower levels than reported in 2007 (0.05 to 0.1 uW/cm2 was the range below which, in 2007,
effects were not observed). Researchers report headaches, concentration difficulties and
behavioral problems in children and adolescents; and sleep disturbances, headaches and
concentration problems in adults. Public safety standards are 1,000 — 10,000 or more times higher
than levels now commonly reported in mobile phone base station studies to cause bioeffects.
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EVIDENCE FOR FERTILITY AND REPRODUCTION EFFECTS: HUMAN
SPERM AND THEIR DNA ARE DAMAGED

Human sperm are damaged by cell phone radiation at very low intensities in the low microwatt
and nanowatt/cm? range (0.00034 — 0.07 uW/cm2). There is a veritable flood of new studies
reporting sperim damage in humans and animals, leading to substantial concerns for fertility,
reproduction and health of the offspring (unrepaired de novo mutations in sperm). Exposure

levels are similar to those resulting from wearing a cell phone on the belt, or in the pants pocket,

or using a wireless laptop computer on the lap. Sperm lack the ability to repair DNA damage.

Studies of human sperm show genetic (DNA) damage from cel! phones on standby mode and
wireless laptop use. Impaired sperm quality, motility and viability occur at exposures of 0.00034
uW/em2 to 0.07 uW/em2 with a resuitant reduction in human male fertility. Sperm cannot repair

DNA damage.

Several international laboratories have replicated studies showing adverse effects on sperm
quality, motility and pathology in men who use and particularly those who wear a cell phone,
PDA or pager on their belt or in a pocket (Agarwal et al, 2008; Agarwal et al, 2009; Wdowiak et
al, 2007; De luliis et al, 2009; Fejes et al, 2005; Aitken et al, 2005; Kumar, 2012). Other studies
conclude that usage of cell phones, exposure to cell phone radiation, or storage of a mobile phone
close to the testes of human males affect sperm counts, motility, viability and structure (Aitken et
al, 2004; Agarwal et al, 2007; Erogui et al., 2006). Animal studies have demonstrated oxidative
and DNA damage, pathological changes in the testes of animals, decreased sperm mobility and
viability, and other measures of deleterious damage to the male germ line (Dasdag et al, 1999;
Yan ¢t al, 2007; Otitoloju et al, 2010; Salama et al, 2008; Behari et al, 2006; Kumar et al, 2012).
There are fewer animal studies that have studied effects of cell phone radiation on female fertility
parameters. Panagopouious et al. 2012 report decreased ovarian development and size of ovaries,
and premature cell death of ovarian follicles and nurse cells in Drosophila melanogaster. Gul et
al (2009) report rats exposed to stand-by level RFR (phones on but not transmitting calls) caused
decrease in the number of ovarian follicles in pups born to these exposed dams. Magras and
Xenos (1997) reported irreversible infertility in mice after five (5) generations of exposure to
RFR at cell phone tower exposure levels of less than one microwatt per centimeter squared
(pW/em?2),

EVIDENCE THAT CHILDREN ARE MORE VULNERABLE

There is good evidence to suggest that many toxic exposures to the fetus and very young child
have especially detrimental consequences depending on when they occur during critical phases of
growth and development {time windows of critical development), where such exposures may lay

the seeds of health harm that develops even decades later. Existing FCC and ICNIRP pubtic
safety limits seem to be not sufficiently protective of public health, in particuiar for the young
{embryo, fetus, nconate, very young child),

The Presidential Cancer Panel (2010) found that children ‘are af special risk due to their smaller
body mass and rapid physical development, both of which magnify their vulnerability to known
carcinogens, including radiation.’
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The American Academy of Pediatrics, in a letter to Congressman Dennis Kucinich dated 12
December 2012 states “Children are disproportionately affected by environmental exposures,
including cell phone radiation. The differences in bone density and the amount of fluid in a
child's brain compared to an adult's brain could allow children to absorb greater quantities of
RF energy deeper into their brains than adults. It is essential that any new standards for cell
phones or other wireless devices be based on protecting the youngest and most vulnerable
populations fo ensure thay are safeguarded through their lifetimes.”

FETAL AND NEONATAL EFFECTS OF EMF

Fetal (in-utero) and early childhood exposures to cell phone radiation and wireless technologies
in general may be a risk factor for hyperactivity, learning disorders and behavioral problems in
school.

Fetal Development Studies: Effects on the developing fetus from in-ufero exposure to cell
phone radiation have been observed in both human and animal studies since 2006. Divan et al
(2008) found that children born of mothers who used cell phones during pregnancy develop more
behavioral problems by the time they have reached school age than children whose mothers did
not use cell phones during pregnancy. Children whose mothers used cell phones during
pregnancy had 25% more emotional problems, 35% more hyperactivity, 49% more conduct
problems and 34% more peer problems
(Divan et al., 2008).

Common sense measures to limit both ELF-EMF and RF EMF in these populations is needed,
especially with respect to avoidable exposures like incubators that can be modified; and where
education of the pregnant mother with respect to laptop computers, mobile phones and other
sources of ELF-EMF and RF EMF are easily instituted.

Sources of fetal and neonatal exposures of concern include cell phone radiation (both paternal use
of wireless devices worn on the body and maternal use of wireless phones during pregnancy).
Exposure to whole-body RFR from base stations and WI-FI, use of wireless laptops, use of
incubators for newborns with excessively high ELF-EMF levels resulting in altered heart rate
variability and reduced melatonin levels in newborns, fetal exposures to MRI of the pregnant
mother, and greater susceptibility to leukemia and asthma in the child where there have been
maternal exposures to ELF-EMF.

A precautionary approach may provide the frame for decision-making where remediation actions
have to be realized to prevent high exposures of children and pregnant woman.

(Bellieni and Pinto, 2012 — Section 19)
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EMF/RFR AS A PLAUSIBLE BIOLGICAL MECHANISM FOR AUTISM (ASD)

+ Children with existing neurological problems that include cognitive, learning, attention,
memory, or behavioral probiems should as much as possible be provided with wired (not
wireless) learning, living and sleeping environments,

+ Special education classrooms should observe 'no wireless' conditions to reduce avoidable
stressors that may impede social, academic and behavioral progress.

» All children should reasonably be protected from the physiological stressor of significantly
elevated EMF/RFR (wireless in classrooms, or home environments).

» School districts that are now considering all-wireless learning environments should be strongly
cautioned that wired environments are likely to provide better learning and teaching
environments, and prevent possible adverse health consequences for both students and faculty in
the long-term.

* Monitoring of the impacts of wireless technology in learning and care environments should be
performed with sophisticated measurement and data analysis techniques that are cognizant of the
non-linear impacts of EMF/RFR and of data techniques most appropriate for discerning these
impacts.

* There is sufficient scientific evidence to warrant the selection of wired internet, wired
classrooms and wired learning devices, rather than making an expensive and potentially health-
harming commitment to wireless devices that may have to be substituted out later, and

+ Wired classrooms should reasonably be provided to all students who opt-out of wireless
environments. (Herbert and Sage, 2012 — Section 20)

Many disrupted physiological processes and impaired behaviors in people with ASDs closely
resemble those related to biclogical and heaith effects of EMF/RFR exposure. Biomarkers and
indicators of disease and their clinical symptoms have striking similarities, Broadly speaking,
these types of phenomena can fall into one or more of several classes: a) alteration of genes or
gene expression, b) induction of change in brain or organismic development, c) alteration of
phenomena modulating systemic and brain function on an ongoing basis throughout the life
course (which can include systemic pathophysiology as well as brain-based changes), and d)
evidence of functional alteration in domains such as behavior, social interaction and attention

known to be challenged in ASD.

Several thousand scientific studies over four decades point to serious biological effects and
health harm from EMF and RFR. These studies report genotoxicity, single-and double-strand
DNA damage, chromatin condensation, foss of DNA repair capacity in human stem cells,
reduction in free-radical scavengers (particularly melatonin), abnormal gene transcription,
neurotoxicity, carcinogenicity, damage to sperm morphology and function, effects on behavior,
and effects on brain development in the fetus of human mothers that use cell phones during
pregnancy. Cell phone exposure has been linked to altered fetal brain development and ADHD-
like behavior in the offspring of pregnant mice.

Reducing life-long health risks begins in the earliest stages of embryonic and fetal development,
is accelerated for the infant and very young child compared to adults, and is not complete in
young people (as far as brain and nervous system maturation) until the early 20°s. Windows of
critical development mean that risk factors once laid down in the cells, or in epigenetic changes in
the genome may have grave and life-tong consequences for health or illness for every individual.
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BACKGROUND

In November, 2009, a scientific panel met in
Seletun, Norway, for three days of intensive
discussion on existing scientific evidence and
public health implications of the unprecedented
global exposures to artificial electromagnetic
fields (EMF).

EMF exposures (static to 300 GHz) result
from the use of electric power and from wireless
telecommunications technologies for voice and
data transmission, energy, securify, military and
radar use in weather and transportation.

The Scientific Panel recognizes that the body
of evidence on EMF requires a new approach to

protection of public health; the growth and
development of the fetus, and of children; and
argues for strong preventative actions. These
conclusions are built upon prior scientific and
public health reports /1-6/ documenting the
following:

1) Low-intensity (non-thermal) bioeffects and
adverse health effects are demonstrated at
levels significantly below existing exposure
standards.

2) ICNIRP and IEEE/FCC public safety limits
are inadequate and obsolete with respect to
prolonged, low-intensity exposures.
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3) New, biologically-based public exposure
standards are urgently needed to protect
public health world-wide.

4) It is not in the public inferest to waif.

Strong concern has been voiced by the public,
and by scientists as well as public health and
environmental policy experts, that the deployment
of technologies that expose billions of people
worldwide to new sources of EMF may pose a
pervasive risk to public health. Such exposures
did not exist before the “age of industry and
information”., Prolonged exposure appears to
disrupt biological processes that are fundamental
to plant, animal and human growth and health.
Life on earth did not evelve with biological
protections or adaptive biological responses to
these EMF exposures. Exceptionally small levels
of EMF from earth and space existed during the
time that all life evolved on earth on the order of
less than a biltionth to one ten-billionth of a Watt
per meter squared. A rapidly accumulating body
of scientific evidence of harm to health and weli-
being constitute warnings that adverse health
effects can occur with prolonged exposures to
very low-intensity EMF at biologically active
frequencies or frequency combinations.

The Seletun Scientific Panel has adopted a
Consensus  Agreement  that  recommends
preventative and precautionary actions that are
warranted now, given the existing evidence for
potential global health risks, We recognize the
duty of governments and their health agencies to
educate and warn the public, to implement
measures balanced in favor of the Precautionary
Principle, to monitor compliance with directives
promoting alternatives to wireless, and to fund
research and policy development geared toward
prevention of exposures and development of new
public safety measures.

POINTS OF AGREEMENT

* Global populations are not sufficiently
protected from electromagnetic fields (EMF)

from emerging communication and data
transmission technologies that are being
deployed worldwide, affecting billions of
people;

Sensitive populations (for example, the
elderly, the ill, the genetically and/or
immunologically challenged) and children and
fetuses may be additionally wvulnerable to
health risks; their exposures are largely
involuntary and they are less protected by
existing public safety standards;

It is well established that children are more
vulnerable to health risks from environmental
toxins in general;

1t is established that the combined effects of
chemicail toxins and EMF together is greater
than either exposure alone;

The Seletun Scientific Panel takes note of
international scientific reviews, resolutions
and recommendations documenting scientific
and public health evidence on EMF exposures;
The Seletun Scientific Panel notes that
complete “consistency” of study findings is
not to be expected, and it should not be
interpreted as a necessary pre-condition for a
consensus linking EMF exposure to health
impacis. “Consistency in nature does not
require that all or even a majority of studies
Jind the same effect. If all studies of lead
showed the same relationship behween
variables, one would be startled, perhaps
Justifiably suspicious™ 7/,

The Seletun Scientific Panel acknowledges that
some, but not all, of these exposures support
preventative and precautionary action, and the
need for more stringent public health fimits;
The Panel takes note of international scientific
resolutions and expressions of concern
including the Salzburg, Catania, Freiberger
Appeal, Helsinki, Irish Doctors (IDEA),
Benevento, Venice, London, and Porto Alegre
Resolutions (2000-2009);

The Panel is guided by previously
recommended target limits for EMF exposure
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in the Biolnitiative Report (2007) and the
London Resolution (2009); _
The Panel urges governments to adopt an
explicit statement that “the standard for
judging and acting on the scientific evidence
shall be based on prudent public heaith
planning principles rather than scientific
certainty of effect (causal evidence)”. Actions
are warranted based on limited or weak
scientific evidence, or a sufficiency of
evidence — rather than a conclusive scientific
evidence (causation or scientific certainty)
where the consequence of doing nothing in the
short term may cause irreparable public health
harm, where the populations potentially at risk
are very large, where there are alternatives
without similar risks, or where the exposures
are largely involuntary;

The Seletun Scientific Panel urges govern-
ments to make explicit that the burden of
proof of safety rests with the producers and
providers of EMF-producing technologies, not
with the users and consumers.

THE SELETUN SCIENTIFIC PANEL

UNANIMOUSLY ENDORSES THESE GENERAL
AGREEMENTS AND GENERAL AND SPECIFIC

RECOMMENDATIONS

General Agreements from the Seletun Scientific
Panel

The Seletun Scientific Panel has identified
specific  scientific and public health
benchmarks for numeric limits and
preventative action that are justified now
based on the existing body of evidence;

The Panel is relying on scientific evidence as
the basis for identifying scientific benchmarks
establishing EMF levels associated with
adverse health effects. The Panel notes that
radiofrequent (RF) levels in some regions may

already exceed scientific benchmarks for
health harm identified here, but political
expediency is not the guiding criterion in this
assessment;

EMF exposures should be reduced now rather
than waiting for proof of harm before acting.
This recommendation is in keeping with
traditional public health principles, and is
justified now given abundant evidence that
biological effects and adverse health effects
are occurring at exposure levels many orders
of magnitude below existing public safety
standards around the world;

SAR (Specific Absorption Rate) is not an
adequate approach to predict many important
biologic effects in studies that report increased
risks for cancer, neurological diseases,
impairments to immune function, fertility and
reproduction, and neurological function
{cognition, behaviour, performance, mood
status, disruption of sleep, increased risk for
auto collisions, etc);

SAR fails to adequately address known effects
from modulation.

General Recommendations from the Seletun
Scientific Panel

The Seletun Scientific Panel recommends an
international registry be established to track
time-trends in incidence and mortality for
cancers and neurological and immune
diseases. Tracking effects of EMF on children
and sensitive EHS populations is a high
priority. There should be open access to this
information;

The Panel recommends existing brain tumour
registries  provide timely age-specific
incidence rates. An early indication of brain
tumors from mobile {cell} phone use could be
in the younger age-specific incidence rates.
Where such brain tumors registries to not
exist, they should be established;
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Intervention-related epidemiological studies
arec nceded to track the efficacy of
intervention(s) that reduce or eliminate
exposures to EMF;

There is a need for mandatory pre-market
assessments of emissions and risks before
deployment of new wirgless technologies.
There should be convincing evidence that
products do not cause health harm before
marketing;

For occupational exposures, there has been
epidemiological evidence as well as clusters
and case reports which state the ‘case for
action’ and stringent control measures based
on classic industrial hygiene principles
(separation, distancing and enclosure). Further,
there is need for swrveillance markers of
hematologic, immunotoxic and chromosome
aberrations;

The Panel discourages use of more lenient
safety standards for workers, as compared to
the general public. Separate safety limits are not
cthically acceptable, Workers include women
of childbearing age and men who wish to retain
their fertility,. Occupational environments
where wireless exposures are common may be
potentially hazardous to fertility and repro-
duction (retail and restaurant workers, transit
workers, telecommunications and broadcast
workers, medical workers, educators, admini-
strators, etc) and those with other exposures or
special health risks;

The Panel strongly recommends that persons
with electrohypersensitivity symptoms (EHS)
be classified as functionally impaired rather
than with ‘idiopathic environmental disease’
or similar indistinet categories. This
terminology will encourage governments to
make adjustments in the living environment to
better address social and well-being needs of
this subpopulation of highly sensitive
members of society.

General Research Recommendations from the
Seletun Scientific Panel

»

Research funding is urgently needed for
assays for biclogical markers [EMF bioassays
as biological markers of EMF dose] which
show promise to measure adverse health
effects, and biological effects that, with
prolonged or repetitive exposure, can
reasonably be presumed to lead to harmful
health  consequences (biomarkers from
cerebrospinal fluid, saliva, immune function
changes, and DNA damage to name some);
The Scientific Panel recommends research
funding for studies on bioactive modulation
which may, based on current knowiedpge,
cause major consequences at far lower
exposure levels based on different exposure
parameters including modulation, frequency
windows, intensity windows, duration,
geomagnetic field and other factors;

Research is urgently recommended for effects
of prolonged or repetitive wireless exposure
on children {(cancers, neurological diseases,
and impairment of cognition, behavior,
performance and mood status, and disruption
of sleep, etc) ;

Research in SAR refinements is given a low
priority. The scientific panel is in wnanimous
agreement that SAR is a poor measurement
tool. Yet SARs have been used in many key
studies reporting increased risk of DNA
damage, increased risk for brain cancer,
increased risk for acoustic neuroma, and
reduced sperm quality parameters, among
others. SAR measures only one aspect of
exposure and ignores other critical aspects,
such as biologically active frequencies (and
modulations) that is essential information
needed to understand the biological responses
induced by EMF over short and long term
cxposures (e.g., nervous system response and
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tissue/organ development, respectively) that
does not cause thermal damage so that
effective, biologically profective limits can be
developed.

Specific Recommendations frem the Seletun
Scientific Panel

Extremely Low Frequency (Fields from Electrical

Power)

+ Based on the available evidence, the Seletun
Scientific Panel recommends a 0.1 uT (1 mG)
exposure limit for all new installations based
on findings of risk for leukemia, brain
tumours, Alzheimer’s, ALS, sperm damage
and DNA strand breaks. This exposure limit
does not include a safety margin;

e« For all newly installed, or newly upgraded
electrical power distribution, the Panel
recommends a 0.1 uT (1 mG) set-back
distance, from residences, hospitals, schools,
parks, and playgrounds schools {and similar
locations occupied by children) [A 0.1 uT (1
mG) time-weighted average (TWA) using
peak loading for transmission lines to ensure
that average is about half of this for typical
exposures; or equivalent for long-term
exposure in interior EMF environments
(wiring, trans-formers, appliances, others).};

s For all newly constructed residences, offices,
schools {(and other facilities with children),
and hospitals there shall be a 0.1 uT (1 mG)
max. 24 hour average exposure limit;

e For all new equipment (e.g. transformers,
motors, electronic products), where practical,
the Panel recommends a 0.1 uT {1 mG) max.
24 hour average exposure limit. Where not
practical {e.g. large power transformers), there
should be a fence, or boundary marker, with
clearly written warning labels that states that
within the boundary area the 0.1 uT {1 mG)
maximum, 24 hour average exposure limit is
exceeded;

e The Panel recommends all countries should
adopt electrical code requirements to disallow
conduction of high-frequency  voltage
fransients back into electrical wiring systems;

¢ All new electronic devices including compact
fluorescent lamps (CFLs} should be
constructed with filters to block high-
frequency voltage fransients from being
conducted back onto electrical wiring systems;

¢ The Panel recommends clectric field
reductions from ¢lectrical wiring in buildings
based on evidence of increased cancer risk
from prolonged or repetitive electric field
exposure. The United States National
Electrical Code (NEC) and other govern-
mental codes relating to building design and
construction should be revised so that all new
electrical wiring is enclosed in a grounded
metal shield;

o The United States NEC and other govern-
mental codes that disallow net current on
electrical wiring should be better enforced,
and ground fault interrupters (GFIs) should be
installed on all electrical circuits in order to
reduce net current.

Radiofrequency/Microwave Radiation
Exposure Limit Recommendations
Present guidelines, such as IEEE, FCC, and
ICNIRP, are not adequate to profect humans from
harmful effects of chronic EMF exposure. The
existing scientific knowledge is, however, not
sufficient at this stage to formulate final and
definite science-based guidelines for all these
fields and conditions, particularly for such chronic
exposure as well as contributions of the different
parameters of the fields, eg. frequency,
modulation, intensity, and window effects. The
values suggested below are, thus, provisional and
may be altered in the future.
¢ For whole-body (in vivo experiments) or cell
culture-based exposure, the Seletun Scientific
Panel finds sufficient evidence to establish a
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scientific benchmark for adverse health effect
at 0.0166 W/kg based on at feast 32 scientific
studies reporting low-intensity effects (defined
as studies reporting effects at exposures of 0.1
Wikg or lower) /8-39/.

The Panel recommends a provisional whole-
body limit of 0.00033 W/kg by incorporation
of an additional 50-fold safety margin applied
1o the scientific benchmark of 0.0166 Wikg.
This is consistent with both ICNIRP and
IEEE/FCC safety factors. An additional 10-
fold reduction is applied to take prolonged
exposure into account {because 29 of the 32
studies are acute exposure only), giving a final
whole-body Hmit of 0.000033 W/kg (33
pW/kg). No further safety margin or provision
for sensitive populations is incorporated. This
may need to be lowered in the future.

Based on power density measurements, the
Seletun Scientific Panel finds sufficient
evidence for a whole-body scientific bench-
mark for adverse health effect exists down to
85 mW/m® (0.0085 mW/em® or 8.5 pW/em®)
based on at least 17 scientific studies reporting
low-intensity effects on humans, Taking more
recenf human studies conducted near base
statiops, or at base-station RF levels, Kundi
and Hulter /57/ report that the levels must
exceed 0.5-1.0 mW/m? (0.05 to 0.1 wW/em?)
for effects to be seen; /40-57/,

The Panel recommends a provisional whole-
body (far-field) limit of 1.7 mW/m® (also =
000017 mW/em® = 0.17 puW/em?) by
incorporation of an additional 50-fold safety
margin applied to the scientific benchmark of
85 mW/m*. This is consistent with both
ICNIRP and IEEE/FCC safety factors. This
may need to be lowered in the future.

It can be argued that a further 10-fold
reduction is not justified since 13 of the 17
studies are already testing for long-term RF
exposure. However, considering that the latest
human population studies as reported by
Kundi & Hutter {2009) do not show effects

below 0.5-1.0 mW/m?, it can also then be
argued that an additional 10-fold reduction on
precautionary grounds is justified. If another
16-fold reduction is applied, the recommended
level would then be 0.17 mW/m* (also
0.000017 mW/cm® = 0.017 pW/em®);

The Seletun Scientific Panel recommends
these numeric limits to governments and
health agencies for adoption in place of
ICNIRP, IEEE/FCC and other outdated public
safety guidelines and limits in use around the
world. This appreoach is based on traditional
public health principles that support taking
actions to protect public health when
sufficient evidence is present. Sufficient
scientific evidence and public health concemn
exist today based on increased risk for cancer,
adverse fertility and reproductive outcomes,
immune disruption, neurological diseases,
increased risk of road collisions and injury-
producing events, and impairment of
cognition, behaviour, performance, mood
status, and disruption of sleep;

Numeric limits recommended here do not yet
take into account sensitive populations {(EHS,
immune-compromised, the fetus, developing
children, the elderly, people on medications,
efc). Another safely margin is, thus, likely
justified further below the numeric limits for
EMF exposure recommended here;

The Scientific Panel acknowledges that
numeric  limits  derived here for new
biologically-based public exposure standards
are still a billion times higher than natural
EMF levels at which all life evolved.

Specific Recommendations for mobijle (cell) and
cordless phone use

The Seletun Scientific Panel recommends that
users keep mobile (cell} phones away from
head and body;

The Seletun Scientific Panel recommends that
users keep mobile (cell) phones and PDAs*
switched off if worn or carried in a pocket or
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holster, or on a belt near the body.
*PDA is generic for any type of Personal
Digital Assistant or hand-held computer device;
The Panel strongly recommends against the
use of mobile (cell) and cordless phones and
PDAs by children of any age;

The Panel strongly recommends against the
use of mobile (cell) and cordless phones and
PDAs by pregnant women;

The Panel recommends that use of mobile
{cell) and cordless phones and PDAs be
curtailed near children or pregnant women, in
keeping with preventative and precautionary
strategies, The most vulnerable members of
society should have access to public places
without fear of harim to health;

Public access to public places and public
transportation shouid be available without
undue risk of EMF exposure, particularly in
enclosed spaces (trains, airplanes, buses, cars,
etc) where the exposure is likely to be
involuntary;

The Panel recommends wired internet access
in schools, and strongly recommends that
schools do not install wireless internet
connections that create pervasive and
prolonged EMF exposures for children;

The Panel recommends preservation of existing
land-line connections and public telephone
networks;

The Panel recommends against the use of
cordless phones (DECT phones) and other
wireless devices, toys and baby monitors,
wircless internet, wireless security systems, and
wireless power transmitters in SmartGrid-type

connections that may produce unnecessary and
potentially harmful EMF exposures;

The Panel recognizes that wired internet access
(cable modem, wired Ethernet connections, etc)
is available as a substitute;

The Panel recommends use of wired headsets,
preferably with hollow-tube segments;

The Panel recommends avoidance of wireless
(Biuetooth-type) headsets in general;

The Panel encourages the removal of speakers
from headsets on wireless phones and PDAs;
The Panel encourages ‘auto-off switches’ for
mobiles (cells) and PDAs that automatically
turn off the device when placed in a holster;
The Panel strongly discourages the technology
that allows one mobile (cell) phone to act as a
repeater for other phones within the general
area. This can increase exposures to EMF that
are unknown to the person whose phone is
“piggy-backed” upon without their knowledge
or permission;

The Panel recommends the use of telephone
lines (land-lines) or fiber optic cables for
SmartGrid type energy conservation infra-
structure, Utilities should choose options that
do not create new, community-wide exposures
from wireless components of SmartGrid-type
projects. Future health risks from prolonged or
repetitive wireless exposures of SmartGrid-type
systems may be avoided by using telephone
lines or fiber-optic cable. The Panel endorses
energy conservation but not at the risk of
exposing hundreds of millions of families in
their homes to a new, involuntary source of
wireless radiofrequency radiation.
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The undersigned recognize the-duty of governments and their health agencies to educate and warn the
public, to implement measures balanced in favor of the Precautionary Principle, to monitor compliance with
directives promoting alternatives to wireless, and to fund research and policy development geared toward
prevention of exposure.
The undersigned urge governments and their health agencies to adopt new interim numeric limits and
new timetables for implementation of biologically-based precautionary action to limit exposures to EMF,

Agreed 19 November 2009
(as revised through April 20, 2010)

(in alphabetical order)
Adamantia Fragopouiou, Greece
Olle Johansson, Sweden
Lloyd Morgan, USA
Cindy Sage, UJSA

Affiliations
(in alphabetical order)

Yuri Grigoriev, Russia
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Absiract

Blecromagnetie fields (EMPY, in both BLE (exuemely low frequency) and dio frequency (RF ranges, activiie the cellular stress response,
4 protective mechanismibat induce s the expression of siress response gemes, e.g., HSP70, and increased bevels of stress proteins, e.g., hsp?l.
The 20 different stress protein families are evolntionasily conserved and 2et as “chaperones’ in the cell when they *help® repair and refold
demaged proteins and transpord them acrods cefl membrares. Induction of the stress respense involves activaion of DNA, and despits the
targe difference in energy brtween ELF and RE, the same celluler pathways respond in both frequency ranges. Specific DNA sequences on
1he promoler of the HSP7O sress gene are vesponvive to EME, and studizs with mode] blochemical systems suggest thal EMF could inleract
directly with electrons in DNA. While tow entrgy EMF interacts with DNA 10 inducc 1he stress response, increasing BMF eacrgy in the RF
range can lead 1o breaks in DNA, strands, It Is clear that in ordet to protect living cells, EMF safely limits must be changed from the cvrcenl

thermal standatd, based on encrgy, to one based on biological responses that oocur long befote the threshold for thermal changes.

© 2009 Etyevier Ireland Lid All rights reserved.

Keymords: DNAL Biosynteds; Blecuemapnede felds; ELF: RF

1. Electromugnetic fields (EMF) alter protein
synthesis

Until recemly, genctic information stored in DNA was
considered essentizlly invulnerable tochange as iy was passed
on from pareat to progeny. Mutations, such as those caused
by cosmic radiation at the most energetic endof the EM spec-
trumm, were thought to be relatively infrequent. The model of
generegulation was believed tobe that the negatively charged
DNA was tighily wrapped up in the nueleus with positively
charged histones, and thatnost genes were “tumned off* most
of the lime. Of course, different regions of the DNA code
are being read more or less all the time ta replenish essential

Abbrecarions: EMF, eectromagoetio felds; He, bent; ELF, extremely
lew freqeenty; RE mdio freqoeasy; MAPK, milogen ectivated proteln
kinuse; ERKINZ, exwecelhular signal segulated Yindse; INK, ¢-Jus-termiesl
kinase pIMAPK: SAPK, fue activated protefa kinase; NADH, nicotr.

aamide adenine dinclootiSe dehydrogentsel ROS, ractive orygen speries.
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sily, 630 West 163 Sueel, Now York, NY 10032,
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proteins that have broken down and those nesded during cell
division,

New insights into the structure and function of DNA have
resulted from numerous, well-done laboratory studies. The
demonstration that EMF induces gene expression and the
synthesis of specific proteins [1,2} gencrated considerable
controversy from power COMPARies, government agencies,
physicists, and most recently, cell phone companiss, Physi-
cists have insisted that the reported resulls were not possible
bepause there was ol enough energy in the power frequency
range (ELF) to activate DNA, They were thinking solely of
mechanical interaction with a large molecule and rot of the
large hydration energy tied up inprotein and DNA stnuciures
that could be released by small changes in charge [3] Of the
biokogists who zccepted such results {4}, most thought that
the EMF Interaction originated a1, and was amplified by, the
cell membyrans and not with DNAL

Tt is now generally accepted that weak EMF in the power
frequency range can activate DNA to synthesize proteins.
An EMP reactive scquence in the DNA has been identified
(5] and shown Lo be transferable to other géne promoters
16). This DNA sequence acts as 2n EMF sensitive antenna
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the corseates sgqueeede (RGAA) in the temperature or thermal Comaie.

that responds w BMF when tansfected into reporter genes.
Resesrch at the more encegetic Jevels of power frequency [7)
and in the RF (8] ranges has shown that exposure to EMF
can lzad to breaks in the DNA strands. Therefore, DNA can
no longer be considered unaffected by environmentzl EMP
Tevels. TLcan be activated and damaged by EMP at levels that
are considered safe [9), The vulnerability of DNA o enviton-
mental influcoces and the possible dangers assoclated with
EMF, had been underscored by discovery of EMFE activation
of the cellular siress response in the ELF range [10,11), The
cellularstress response is an unambiguous signal by the cell
that EMF {s polentially harmful,

2, Physiologlical stress and cellular stress

Discussions of physiological stress mechanisms usually
describe responses of the body to pain, fear, ‘oxygen debt’
from musele overexeition, These responsts are mediated by
o1Ran systems. For example, the nepvous sysiem transmils
action polentials along a network of nerves 10 cells, such
as adrenal glands, that release rapidly acting agens such as
cpincphrine and norepinephrine and stower atling minesalo-
corticoids, These hormooss are wansported throughout the
body by the circulatory system. They mobilize (he defenses
to cope with the adverse conditions and enable the body to
‘fight or Alee' from the noxious stimuli. The defensive actions

" intlade changes in heart rete, breathing rate, musele activity,

ete.

Inadditiontothe responses of organsystems, there are pro-
tective mechanisms atthe ¢ellolar level known as the cellular
stress response, These mechanisms are aclivated by damage
1o celiular components such as DNA. and protein {12). and
the responses aro characterized by increased levels of stress
proteins {13) indicating that stress response genes have been
upregulated in response to the stress,

The first stress response mechanism identified was the
cellular reaction to sharp increases in temperature {14) and
wes Teferved to as 'heat shock', a term thal i5 still retained
in the nomenclatere of the protective proeins, the hsps, heat
shock proleins. Stress proteins are degignated by the prefix
*hsp' followed by a number that gives the molecular weight
in kilodaltons. There tre sbout 20 different proteln families
ranging in molecular welght from a few kilodallons 1o over

100 kD, with major groups of proteins around 30kD, 70kD
and $0%D.

Research on the ‘heal shock” response has showa thathsp
synthesis is activated by a variely of stresses that 2re poten-
tially harmful to ceils, including physical stimuli like pH and
osmotic pressure changes, 25 well as chemicals such as alco.
hol and toxic retal fons like Cd?*. EMF is a recent eddition
to the list of physical stimuli. 1t was Initially shown in (he
power frequency (extremely low frequency, BLF) range {13),
but shonly afterwards, radio frequency (RF) fields [15] and

. amplitude 'modulated RF fields {16} were shown to sctivate

the same slress response.

Studies of stress protein stimulstion by low frequency
EMF have fotused on a specific DNA sequence in the
gens prometer that codes for hsp70. a major stress pro-
tein. Synthesis of this stress protein is iniliated in a region
of the promotee (ses Fig. 1) where 2 transcription lictor
known ag heat shock factor | (HSF-1) binds to e heat sheck
element (HSE). This EMF sensitive region on the HSP0
promoter is upsiteam from the thermal demain of the pro-
moter and is not sensitive to increased temperature, The
binding of HSF-1 10 HSE accurs at —~192 in the HSPI0 pro-
moter relative to the transcription initiation site. The EMF
domain contains three aCTCTn myc-binding sites ~230,
~ 166 and — 160 relative 1o the transcription initiation site and
upstream of the binding sites for the heat shock {nGAAR) and
serum fesponsive elements [5,6,17,18), The electromagnetic
sesponse elements (EMREs) have also been identified on the
¢-mycpromoter and are also responsive 10 EME The sensriv.
ity of the DNA sequences, nCTCTn, 10 EMF exposures has
been de trated by transfecling these sequences into CAT
and Luciferass reporter genes (6}, Thus, the HSP70promoter
containg different DNA regions that 2re specifically sensitive
to different stressors, thermal and non-thermal,

Induction of increased levels of the major siress protein,
hsp?0, by EMF is rapld, within Smin. Also it oteurs at
extremely jow levels of energy input, 14 orders of mag-
nilude lower than with a thermal stimulus £10). The far
grealer sansilivity to EMF than to temperatuce change in
elevating the protective prolein, hsp?0, has been demon-
straied to have poiential clinical epplication, preventing
injury from ischemia reperfusion [19-21). George o al, [21)
have shown the non-invasive use of EMF-induced $tress pro-
tzins improved hemodynamic parameters during reperfusion

i
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Fag. 2. The four mitogen serivized proteln kinase (MAPK} sigraling caseades Mdentificd 1o die ase: extracellular signad regubated kinsse 172 (R, e-dore
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by EMF sz shown as e shaded elrelts,

following ischemia. This effect occumred in the absence of
measurable increased temperature.

"+ 3. EMF Interaction with signaling pathways

EMF penetiate cells unattenuated and so can interact
ditectly with the DNA in the c2)l nucles, as weli as other
téllconstituents. However, biological agents are impeded by
membranes and require special mechanisms to pain access to
the cell intetion, Friedman et al, (23] have demonstrated that
the initial step in transmitting extraceliular information from
the plasma membrane 10 the nuclens of the cell occurs when
NADH oxidese rapidly generates rezctive oxygen species
(ROS). These ROS stimulate matrix metalloprofeinases that
aliow them to cleave ond retease heparin bindiag epidermal
growih factor. This secreted factor activates the epidermal
growth rpeeptor, which in tum attivates the extracellulas sig.
nal regutated kinase 1\2 {ERK) cascade, The ERK cascada
is one of the four mitogen-activated piotein kinase (MAPK)
signaling cascades that regulate transcriptional activity in
eespoase to extracellviar stimetl, The elements of the three

EMF
¢ N
v DNA- hsp70

¥ ROS bt it?
Signaling Pathways

Fig. 3. The sigraking pathways srd the stress respoase are activated by EMF,
The activation meochanivers Sipaessed in tw text are indicated by anows. [n
(e $2re1s gesponss, DA sctivation lesds 10 bip sytibeds and iy be doe ta
direct EMF ksaction with DNA, The sipanling pathernys ae retivased by
prattive oxygeaspecies (ROSHh el are prodably gesersisd by EMF, Postible
ttirtions beiweenthe pibways, DA end hip we indicated with grestion
cuanks, It any case, EMP feads 1o activation of At the grocesses thawn,

MAPK signaling cascades implicated in exposuses 10 ELF
ard RF are highlighted in Fig. 2.

‘The faur MAPK vascadesare: () ERK, (2) ¢-Jun-terming]
kinzse (INK), (3) sress activated protein kinase [SAPK) and
(4) p38SAPK. Bach of the cascades is composed of three
to six tiers of protein kinsscs, end their signals are rans-
mitted by sequential phosphorylston and activation of the
protein kinases in each of the tiess. The result is zctivation
of a large number of regulatory proteins, which include a set
of trenseription faetors, &.8., c-Jun, c-Fos, hsp27 and hspl0.
Activation of the stress response is accompanied by acti-
vatlon of specific signal transduction cascades involved in
regulating cell proliferation, differentistion and metsbolism
{24~26). The MAPK pathways have been charactesized in
several cell types [24,27-30]). Exposure to non-thermal ELF
as well as thermal RF affects the expression of many cetlolar
proteins [23-25) (Fig. 3).

‘The elevated expression of these protein ranscription fac-
1015 participate in the induction of various cellular processes,
including several that are affected by celi phones, c.g., repli-
cation and callcycle progression (25,317 and apoplosis [32].
RF fields have been shown to eclivate speeific transeription
factor binding that stimulate cell proliferation and induce
stress proteins [25,33). kit has been reported [31] that within
10 min of cell phone exposures, iwo MAPKinase cascedes,
p38 and ERK1\2, are zctivated. Both ELF and RF ectivate
the upregulation of the HSP70 genz and induction of elevated
Ievels of the hsp70 protein, This effect on RNA wanscription
and protein stabllity is controlled by specific protein uzn-
scription factors that are elemems of the mitogen MAPK
cascade,

EMF also stimulsie $¢rum response faclor which binds
10 the seum sesponse element (SRE) through ERK MATK
activation and is associated with injury and repair in vivo and
in vitro, The SRE site is on the promoter of an early response
gene, ¢-fos, which under spacific cedivlar circumstances has
oncogenlc propecifes, The c-fos promoler is EMF-sensitive; a
20wnin exposure to 60 Hz BOmG fields significanily increasss
cfor gene expression {34). The SRE accessory protein,
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Elk-1, contains a growth-regulated transeriptional acfivation
domain. ERK phosphorylation potentiates Elk-1 and trans-
aclivation at the e-fos SRE [29),

During the past twenty years, the growing use of celluler
phones has aroused great concem regarding the health effects
of exposure of the brein to S00MHz RF waves, Despite
claims that the energy level is too low to induce changes
inDNA and thas the deviees are safe, the non-thermal effects
that bave been demonstrated al both BLF and RF exposure
levels can cause physiologicat changes in celly and tissues
even at the level of DNA. Finally, it should be meationed
that some of the pathways described in this section also have
roles in protein synthesis via RNA polymerase IH, an enzyms
in encogenic pathways [35) and could, therefore, provide a
mechanistic link betwean cancer and BMP sxposure.

4. Cellsaffected by the slress response

Reviewson EMF and the siress response have appeared for
the BLFrange (13) and for the RF range [ 36). The mastzecent
review was published online in section 7 of 1he Blofnitis-
tive Report [9], anid it summarized both ELF and RF studies,
mainly at frequencies 50Hz, 60 Hz, 900 MH2 and 1.8 GHz
Thecitations inthat review were not exhauvstive, but thadiffer-
entfrequencies and biological systems represent the giversity
of 1esults on stimulation of DNA and siress protein synthe-
sis in many different cells, I is clear that the suress response
does not occur in reaction to EMF in all types of cells, and
somelimes because of the use of vissue celtured cell lines,
¢ven the tamne cell line can give opposite results in the same
Iaboratery {37]. .

Many dilferent iypes of celis havs been shown 1o respond
1 EMF, both in vivo and in vitro, including epithelial,
endothelial and epidermal cells, cardiac musele cells, fibrob-
lasts, yeast, £, coli, developing chick eggs, and dipteran celis
{sce Bioinitiative Report {91, section 7). Tissue cultured ceils
are Jess likely to show an effect of EME, probably because
immortalized ¢ells have been changed significantly to cnable
them to tive indefinitely in unnatural laboratory conditions.
‘Fhis may also be true of cancer cells, slthough some {e.g.,
MCF7 breast cancer cells) have responded to BMF [38,39),
and in HLGO cells, one cell Une responds to EMF while
apotherdoes not (24]. Czyz etal. [16) found that p53-deficient
embryonic stem cells showed anincreased BMF response, but
the wild type did ne.

A brozd study of genoloxic effects {ie., DNA damage)
in different kinds of cells [40] found no effecis with lym-
phecyles, monocyles and skeletal muscle cells, bul did find
cffcets with fibroblasts, melanocytes and rat granulosa cells,
Other studies [41,42] have alse foundthat the blood elements,
suchas lymphocytes and monocyles arepaturml e¢lis thathave
nat respanded. Since mobiie celis can castly move away from
8 51255, there would be tintle seleclive advantage and evolu-
tionury pressuee for developing ihe stress response. The leck
of tesponse by skefetal muscle cells is related to the need

Table ]
Biological thresholds inthe ELF nnge.
Blologia) systerm Trreshold  Referesie
s
Accclerztion of rextioa rates
NaK-ATPase 02-03 Bhrk asd §00 149)
cylouchiome oaidise 0504 Bliek 224 Sco {43}
cnkkire decarbexylase ~2 Mutlics etal {58}
maleadc #cid oxidation <. Blank ad Seo [59)
Blosynthesis of sress protelns
HLED, Seiars, yeast, <08 Goodman ecat, (11}
breast (HTR124. MCF2) <08 Linetal {39}
chitk embeyo (azatia) ~2 BiCutoa al, (69)
Ereast cazeer {MCF) cell prowth
biock rmebatonin izkibition 02212 Liburdy et al, 38§
Leakemin epidemialogy 0.3-4 Adhibormeral |51)

Gresnleed e12l 162]

" The egtimuted vahoes are for Cepurtares from e basefist, stoogh

Mallins e o, (1599} and DiCaalo ot &, (2000) generally give infection

poitts i the dose-rerporse curves. The leckemia epidemiology vabues we
o1 experimental and 21e Jisted for comparison.

to desensitize the cells to cxcessive heating during 2ctivity.
Unlike slow musele fibers that do synthesize hep70, cells con-

., taining fagy muscle fibers do not synthesize hsp0to protest

them from over-reacting to the high temperatures tezched a

+ during activity.

5. EMF..DNA ipteraction mechanisms: electron
teansfer

The biochemical compounds in Fiving cebls are composed
of chargss and dipoles that ean interact with electric andmag-
netic fields by various mechanisms. An example discussed
earlier is the generation of rective oxygen species (ROS) in
activation of the ERK signaling cascade. The cellular stress
response feading tothe synihesisof stress proteinsis alsoscti-
valed by BMF. However, the specific reaction Is nol known,
excep! that it is simulated by very weak EMPF. Fot this rea-
$0n, our focus has been on molecular processes that are most
sensitiveto EMP and that conld ceuse the DNA tocome apsrt
10 inltiate biosynthesis. We have suggested that direct EMF
interaction with efectrons in DNA is likely for the foliowing
825005

v The largest effects of EMF would be expected on elec-
wons because of their high charge to mass ratio. At
tha sub-atomic lavel, one assumes that electrons respond
instanianeously compired to protons and heavier stomic
nuclei, as in the Bom-Oppenheimer Approxfmation, The
very low field sirengths and durations that activaie the
stress response and other reactions (Table 1} suppestinter-
action with electrons, and make jon-based mechanisms
unlikely. :

Weak ELF ficlds have been shown to-affect the rates of
elecuon yansfer reactions [43,44]. A 10 uT magnetic field
exenisa very smaliforce of only ~10~2% Nonaunitchasge,
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but this force can move an isolated electron more than a
bond length, ~1 nm, in ~} nanosecond.

» There Is a specific EMF responsive DNA sequence that
is associated with the response 1o EMP (Fig. 1), and that
ratains this property when ransfected

» Displacement of clectrons in DNA would cause local
charging that has been thown to lead to disaggregation
of biopolymers [45].

* As the energy in an BMF stimulus increases, theze is an
incresse in single strand breaks, foliowed by double siand
breaks, suggesting an jnteraction with EMF at all energy
levels {46).

Effects of EMF on electrons in chemical reactions were
detected indirectly in studics on the Ns K-ATPase [47], &
ubiquitous enzyme that establishes the normal Na and K
ion gradients across celi membranes. Blectric and magnelic
fields, each accelerated the reaction only when the enzyme
was relstively insctive, It Is reasonable to assume that the
threshold response eccurs when the same charge is affected
by the two fields, so the velocity (v} of the charge (¢} could

" be calculated from these measurements and its nature deter-

mined.- Assuming both frelds exert the same force at the
threshold, the electric {£) and the magnetic {8) forces should
be cgual.

Fw gE = guB. {H

From 1hi$ v= E/B, the ralio of the threshold fields,
and by substiluting the measured thresholds [(48,49),

© E=5x 107 Vim and B=5x 1077T (0.5 uT), we oblain

v = 10%m/s. This very rapid velocity, similar 1o that of elec-
trons in DMA [50), indicated that electrons were probably
involved in the jon transport mechanism of the Na,K-ATPase
47}, Anelectron moving at a velocity of 10 m/s crosses the
enzyme (~10~%m) before the ELF ficld hat had a chance
1o change. This means that a fow frequency sine wave sig-
nai is effestively a repeated DC pulse. This is true of alf bow
frequency effects on fast moving elecltons.

Studies of effects of EMF on electron uensfer in

" cytochrome oxidise, ATP hydrolysis by the Na,K-ATPase,

and the Befousoy-Zhabotinski (BZ) redox reaction, hava led
1o cestain generalizations:

» EMF can zecelernte reaction rates, including electron
transfer rates

¢ EMFzcts asaforce that competes with the chemical forces
in a reattion. ‘The effect of EMF varies inversely with the
intrinsic reaction rale, so EMF ¢ffects arc only seen when
intginsic rates are low, (This is in kesping with the ther-
apeutic efficacy of EMF on injured tissue, while there is
usually fittle of noe effect on nommal tissue.)
Experimentally determined thresholds are low (~0.5 xT)
and comparable o levels found by epldemiclogy. See
Table 1.

Effects vary with frequency, with different optima for the
reactions studied: The two enzymes showed broad fre-

quency oplima close to the reaction tumover numbers for
Ma,K-ATPase (60Hz} end cytochiome oxidase (800 Hz),
suggesling that EMF interacted optimally when in syn-
chrony with the molegular kinetics. This is not rve for
EMF interactions with DNA, which ere stimulated in both
ELF and RF ranges and do not 2ppear to involve electron
transfer reactions with well-defined kinetics.

Probably the most convincing evidence for s frequency
sensilive mechanism that involves stimulationof DNA is acti-
vation of protein synthesis in strinted muscle, In this naturaf
piocess, specific muscle proteins are synthesized by varying
1ha rate of the (efectrical) action potentials in the stizched
nesves {$1). The ionic cuments of the action potentials that
flow along and through the muscle membranes, also pass
through the muscle cell nuckel that contain the DNA codes
for the muscle proteins, Two frequencies were studled in mus-
¢le, high (100 Hz) and low {i0 Hz) frequency, comesponding
to the frequencies of the fast muscles and stow muscles that
have different contraction rates and different muscle proteins.
In Ihe experiments, either the fasi or slow muscle proteins
were synthesized at the high or low frequency stimutation
rales comesponding to the frequency of the aciion poten-
titls. The clear dependence of the protein composition on
tha frequency of the action potentials indicates a relation
between stimulation and activation of DNA in muscle physi-
olagy. The process is undoubtedly far more complicated and
unlikely 10 be 2 simple ¢lecteon transfer reaction 25 with
cytochrome oxidase. 1 is more probable that en entire rogion
of DNA coding for 2 group of related proweins Is activaied
simuitsncously.

A mechanism based on clectron movement is in keeping
with the mV/m gheetric feld and ik magnetic fictd thresholds
that affect the Na,K-ATPase, The very small foree on acharpe
{~10"%N) can affect an electron, but is unlikely 1o have a
direct effect on much more massiveions end molecules, espe~
ciallyifihey arshydrated. Ions are affected by the much arger
DC eleetrie ficlds of physiologicat membrane processes. The
low EMF energy can move electrons, czuse small changes
In charge distribution and release ihe Jarge hydration energy
dedupinproteinand DNA stvctures {3). Elecuons have been
shown to move in DNA at great spead {50), and we have sug-
gested that RF and ELF fields initiate the stress response by
directly interzcting and accelerating ¢lecirons moving within
DNA [52,53).

A mechanism based on electron movement also provides
insight into why 1he same siress 1esponse is stimulated by
both ELF and RF even though the energics of the two stim-
uli differ by orders of magnitude, A typical BLF cycle al
10%H2 tasts 1072 5 and a Iypical RF eycle ar 10" Hz Jaus
10-H 5. Because the encrgy is spread over a diffetent num-
ber of cycles/second in the two ranges, the energy/eyele isthe
same in both ELF and RF ranges. Since electron mevement
occurs much Taster than the change of field, both frequen-
cies 2t seen by repidly moving electrons as essentially BC
pulses, Each cycle contributes to electron movement at both
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frequencies, but more rapidly at the higher frequency. The
fluctuation of protons batween water molecules in solution
at & froquency of about 10'2 Hz {34) gives 2n indication of
the speed of electron movement, and may suggest an tpper
limit of the frequency in which sine wave BMF acl as DC
pultes, ’ - : ' '

6. DNA blolopy and ihe EM spectrum

Resgearch on DNA nnd the stress response has shown that
the sume blology occurs 2cross divisions of the EM spectrum,
and that EMF safety standards based on celivtar measures
of potential harm should be much siricter. Those data also
raise questions 2bous the viilily of spectrum sub-divisions as
the basis for propesly assessing biological effects and sets
ting separato safety standards for the different sub-divisions.
‘The frequencles of the EM spectrum form a continuum, and
division into frequency bands is only a conveniencs that
makes It easier to-assign and regufate different portions of
the spectrum for praciical uses, such &5 the different dasign
requirements of devices.for EMF generation and measure-
ment. Except for the special case of the visual range, the
frequency bands are nof based on biclogy, and the separate
bands now appesr to be .a poor way of dealing with bio-
logical responses needed for evaluating safety, ‘The DNA

studiss indicaie the deed for an EMF safety standard rooted -

in biology and a rational basls for nssessing health implica-
tions.

DNA responses to EMP can baused to create asingle scale
for evaluation of EMF dose because!

+ The same blological responses are stimulated in ELF and
RF ranges,

s The inensity of BMF interactions with DNA leads w
greater effects on DNA as the anergy inereases with fre-
quency. In the ELF range, the DNA [s only activated to
inkliate prosein synthesis, while single and double strend
breaks occor in the more energetic RF end lonizing
Tanges.

A scale based on DNA biology also makes possible an
approzch 1o 8 gquantitative relation between EMF dose and
disease, This can be done by uthizing the duta banks that
have been kept for A-bomb éxposure and victims of nuclear
secidents, data that link exposure 1o fonizing radiation and
subsequent developmant of cancer, Utilizing experimental
swdies of DA breaks with jonizing radiatian, it is possi-
ble inprinciple to relate cancer fncidence to EMF exposures.
It should be possible 1o determine single and double sirand
breaks ina standard preparation of DNA, caused by exposure
1o EMF for a specificd duration, Onder standard conditions.
Although many studies of DNA damage and repair rates
under diiferem conditons would ba needed, this appears 10
be a possible experimenial approach to assessing the refation
between EMF exposure and disease,

7. The stress response and gafety standards

Most scientists believe that basic rescarch eventusily pays
off in practical ways, This has certainly been true of EMF
research on the steess response, where EMF stimulated stress
proteing havs been used to minimize danage to ischemie
tiss2s on reperfusion. However, more importantly, blologi-
cal effects stimulated by both ELF and RF have shown that
the standards used for developing safety guidelines aze nol
protective of cells,

First and foremost, it is Enpertant lo realize that the siress
response ocours in reaction to a potentially hemmiul envi-
ronmemal influeace, The stress response is an urambiguous
indicaiton that celis react 10 EMF as potentially harmlul, It is
therefore an indication of compromised cell safety, given by
the cell, in the language of the cell. The fow threshold level
of the stress response shows that the cument safety standards
are much too high 1o be considered safe.

In genersl, celluler processes are unusually sensitive to
fields in the envitonment. The biologleal threskiolds in the
ELF range (Table 1} aré in the range of 0.5-1.0pT—not
very much higher than the ELF backgrounds of ~0.1 uT.
The relatively Jow field sirengths that can affect biochem-
tcal reactions is 2 further indication that cells are able 1o
sense potential danper long before theee is 2n fntreass in
femperatare. )

EMF tescarch has also shown that exposure durstions
do not have to be prolonged 1o have an effect. Litovitz &t
al. [55,56), working with the enzyme omithine decarboxy-
lase, showed an BMF response when cells were exposed
for only 10s to ELF or ELF modulated 915MHe pro.
viding that the exposure was continuous. Gaps in the sine
wave resulied in 2 reduced response, and interference with
the sine wava in the form of superimpoted ELF noise alvo
reduced the response [57). The interfering effect of noise
has been shown in the RF range by Lai and Singh (46},
who reported that noise interferes with the ability of an
RF signal to cause breaks in DNA strands, The decreased
effect when noise is added to a signal is yet another indi-
cation that EMF energy is not the critical factor in causing
& response. In frct, BMF noise appears to offer 2 technol-
ogy for mitigating potentially harmiful effects of EMF in the
enviconment.

EMF rescarch has shown that the thenmal standard used
by agencies 10 measure safety is at best Incomplete, and
in reality not protective of potentially harmful non-thermal
ficlds. Nonhermal ELF mechanisms are as effective asther-
mal RF mechanisms in sumulsting the stress nesponss and
others protective mechanisms, The cunent safety standard
based on thermal response is fundamentally flawed, and not
protective.

Finally, since both ELF and RF activate the same biology,
simultaneous exposure to both is probably additive and toal
EMF exposure is important, Safety standards must consider
tota] BMF exposure end not sepasate standards for BLF and
RF ranges.
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Childhood leukaemia close to high-voltage
power lines — the Geocap study, 2002-2007
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du Général de Gaulle, La Defense 92030, France

Background: High-voltage overhead power lines (HVOLs) are a source of extremely low-frequency magnetic fields (ELF-MFs),
which are classified as possible risk factors for childhood acute teukaemia (AL). The study was carried out to test the hypothesis of
an increased AL incidence in children living close to HVOL of 225-400kV (VHV-HVOL) and 63-150kV (HV-HVOL).

Methods: The nationwide Geocap study included all the 2779 cases of childhood AL diagnosed in France over 2002-2007 and
30000 contemporanecus population controls. The addresses at the time of inclusion were geocoded and precisely located
around the whole HVOL network.

Results: Increased odds ratios (ORs) were observed for AL occurrence and living within 50m of a VHV-HVOL (OR=1.7 (0.9-3.6)).
In contrast, there was no association with living beyond that distance from a VHV-HVOL or within 50m of a HV-HVOL.

Conclusion: The present study, free from any participation bias, supports the previous international findings of an increase in
AL incidence close to VHV-HVOL. In order to investigate for a potential role of ELF-MF in the resuits, ELF-MF at the residences

close to HVOL are to be estimated, using models based on the annual current loads and local characteristics of the lfines.

High-voltage overhead power lines (HVOLs) are one of the major
sources of extremely low-frequency magnetic fields (ELF-MFs),
considered a possible risk factor for childhood leukaemia. In the
absence of any underlying biological hypothesis, the International
Agency for Research on Cancer (IARC) classified ELF-MF as
possible carcinogens (group 2B), based on epidemiological
observations over more than two decades {IARC, 2002). The first
meta-analyses concluded that exposure to ELF-MF levels of at least
0.3 uT was significantly associated with an increased incidence of
childhood acute leukaemia (AL) (odds ratio (OR)=1.7 (1.2-2.3}
for exposures =0.3uT {Greenland et al, 2000) and OR=290
(1.3-3.3) for exposures 0.4 uT (Ahlbom ef al, 2000)}. A recent
meta-analysis of the studies published after 2000 (Kheifets et al,
2010} generated consistent but weaker results (OR = 1.4 (0.9-24)
for exposures =20.3 ¢T). The large British study by Draper et al
(2005) focused on the proximity of VHV-HVOL and showed an

association between AL and residence at birth <200m from a
VHV-HVOL (OR=1.7 (1.1-2.5)) and, to a lesser extent, between
200 and 600 m from a VHV-HVOL (OR = 1.2 (1.0-1.5)). With the
same data, the relative risk was not significantly increased for
estimates of ELF-MF 204 pT (Kroll et al, 2010). High-voltage
overhead power lines account for only a fraction of ELE-MF
exposure, but, in their near vicinity, constitute the main source of
background exposure (Schiiz ef al, 2000; Maslanyj ef af, 2007).
The aim of the present study was to test whether the risk of AL
was increased in the vicinity of HVOL, where children were
expected to encounter higher residential exposure to ELF-ME.
We followed a two-step approach, The present one aims at
investigating the relationship between AL and distance to HVOL,
The second step will rely on calculated residential exposure to
ELF-EMF based on characteristics of the neighbouring HVOL. The
study, the first in France, was based on the geolocation of the last
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address and covered the entire mainland over a recent period
(2002-2007), on an exhaustive basis, free from participation bias,
and was based on a geographic information system {GIS) using
precise and recent databases to locate the dwellings and HVOL,

The Geocap case-control study, The Geocap case-control study
included all the 2779 French childhood AL cases aged < 15 years at
the end of the year of diagnosis, diagnosed between 1 January 2002
and 31 December 2007, residing in mainland France (excluding
Corsica for which HVOL information was not available), The cases
were obtained from the French National Registry of Childhood
Hematopoietic Malignancies (Lacour et al, 2010).

Over the same period (2002-2007), six yearly sets of 5000
control addresses were randomly sampled from the paediatric
population of mainland France by the National Institute for
Statistics and Economic Studies (INSEE}), using the income and
council tax databases of the French households. These databases
contain the addresses and income information of all the house-
holds in France, irrespective of employment status, and list the
children in each household by year of birth. The sample was
stratifiecd on the 94 French mainland administrative areas
(Départements). The individual variables available for the controls
were the year of birth, number of children in the household and
last address, Demographic and socioeconomic characteristics of the
municipality (Commune) of residence were also used as contextual
vatiables. The sample of 30000 controls was closely representative
of the source population in terms of age and number of children in
the household, and in terms of contextual variables, that is, size of
the urban unit, median income, proportion of blue-collar workers,
proportion of subjects who successfully completed high school
{baccalaureate holders) and propertion of homeowners in the
Commune of residence {Sermage-Faure ef al, 2012).

Geocoding, The residence considered for geolocation was the
residence at the time of diagnosis for the cases and that at the time
of inclusion for the controls. Residential histories, particularly
addresses at birth, were not available. The method for geocoding
the addresses of cases and controls was compiled, checked for
consistency and corrected when necessary by GEOCIBLE,
an outside service provider, in close cooperation with the
epidemiology research team. The addresses were geocoded blind
to casefcontrol status, using the MAPINFO GIS, NAVTEQ street
databases and detalled vectorized maps from the National
Geographic Institute (IGN). Automatic processes were checked
and completed by visual inspection of maps when necessary.
Ultimately, only 3% of the cases and 1% of the controls could not
be located more precisely than by their Commune of residence and
were allocated the coordinates of their Commune town hall.

In the Navteq and IGN databases, the geocodes are given at
the middle of the street in front of the number in the street (i.e., the
front door, the entrance of the plot or the projection of centre of
the plot along the street), generally corresponding to the mailbox
residence. Most often in urban areas and in collective housing, the
maitbox is attached to the building of residence. However,
especially in countryside, the house can be at a distance from the
entrance of the plot, where the mailbox is.

Depending on whether the databases enabled location of the
home directly or by extrapolation from the nearest or more distant
neighbours, the coordinates were assigned a degree of uncertainty
along the street ranging from 20m (exact number in the database}
to the size of a Commune (Table 1). The scale of uncertainty
provided by Geocible had been determined previously, based on
the size of the objects to locate and on the mean differences
between estimated and measured geocodes. The best geocoded

[ Cases I Controls |
Category of
accuracy of
address location
for geocoding Uncertainty | N % N %
At the exact number 20m 1946 | 70.0 | 2311 77.2
In a section of a short 50m i73 6.2 1658 55
street
At a close number 100m 30 4.7 801 27
In a medium street or 300m 394 | 4.2 3693 | 123
in a hamlet
In a long street 500m 54 19 383 13
In a Commune B2 30 292 1.0
Total 2779 | 1000 | 30600 | 1000

addresses were assigned an uncertainty of 20 m, equal to the mean
value of the estimated coordinates given by the IS and the center
of the house. Altogether, 1946 cases (70%) and 23 171 controls
{77%) were located by their exact number in the street (best
geocoded addresses, uncertainty of 20 m}, whereas 303 cases (11%)
and 2459 controls (8.6%) were located by a segment of a short
street or by a close number (uncertainty of 50-100 m).

In addidon to the coordinates obtained for all the postal
addresses of the Geacap sample, another set of coordinates was
also estimated using photographic views obtained from Street View
(Google Maps), Géoportail (IGN data) and the French cadaster,
when available. This was possible for 72% of the cases and 69% of
the controls living <200m from a HVOL, considering the
uncertainty, and used to position the building of residence.

HVOL characteristics and distance from the nearest HVOL,
There are 77 400 km of HVOL in France. There are five main types:
HVOL of 400kV (13350km), 225kV (21200kmj}, 150kV
(1050 km) and 90 or 63kV (41800km). The HVOLs have been
precisely mapped by RTE (Réseau de Transport d’Electricifé), the
French utility in charge of electricity transmission, based on the
utility’s own database, in which pylons and sections of lines are
accurately located, and on the most precise local maps of the
national geographic institute (IGN). The distances from the closest
HVOLs were estimated by GEOCIBLE.

Statistical analysis, All the statistical analyses were performed
using the SAS software package (version 9; SAS Institute Inc,, Cary,
NC, USA). The ORs, their 95% confidence intervals and two-sided
P-values were estimated by unconditional logistic regression
adjusted for age in 5-year categories and Départemnent. Additional
analyses stratified by age category were adjusted for age in years.

The subjects were classified in terms of their distance from the
closest HVOL (<50, 50-99, 100-199, 200-599 and =600 m}. The
very high voltage lines, 225 and 400kV (VHV-HVOL), and the
high voltage lines, 63, 90 and 150kV {HV-HVOL), were separated
as dwellings located <50m from VHV-HVOL are expected to be
more frequently exposed to higher ELF-MF than those located
£50m from HV-HVOL (Maslanyj et al, 2009). The inverse
distance function was used to test for the existence of a trend in AL
incidence, assigning 0 to the dwellings located at least 600 m from
an HVOL.

All the main analyses were conducted on the whole study
samptle, without any selection by address uncertainty. The analyses
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[ Distance from the closest HVOL |

225-400kv HVOL

63-150kV HVOL

50-199m 2200m

0-49m 50-199m 2200m Total

1246
1500

Female 4 12
Male 5 12

1229
1482

1262
1517

Down's syndrome o] 13

<5 years 6 " 121 8 24 1276 1308

5-9 years 3 10 858 2 18 851 871

10-14 years o 3 597 4 12 584 600
0 0

2250

ALL

8 3
B-cell precursor ALL [ 12 1056 8 25 1041
T-celt ALL 0 Q 173 1 4 168
Other ALL 2 ? 1021 4 17 101
AML 1 2 428 1 ] 424
QOther AL o 1 68 1] 2 67 &9

Abbreviations: AL =acute leukaemia; ALt =acute lymphoblastic leukaemia; AML=acute myeloblastic leukaemia; HVOL=high-woltaga ovarhead power line.

were conducted on all the cases and also stratified by age group -
<5 years old covering most of the incidence peak and 25 years
old - and for acute lymphoblastic leukaemia (ALL) alone.

All the anealyses were performed taking the same baseline as
reference category, that is, the group of children who lived in
Communes with no part of their territory within 600 m of a HVOL,
after accounting for geocoding uncertainty. Thus, the baseline
included all the residences definitely located =600m from a
HVOQL, even if they were geocoded with the highest uncertainty.
Additional sensitivity analyses also included the subjects
living at least 600 m from a HVOL in the reference category, even
when the Commune had a part of its territory within 600m of a
HVOL, in order to account for the possibility that the
baseline category might select residences in relation with an AL
risk factor.

The 67 cases and 203 controls who lived in a Commune partially
located within 600 m of a line but who could not be individually
located better than at the town hall were considered to have
missing data for the distances from HVOL,

Supplementary analyses were performed to test the robustness
of the results and account for the spatial extent of the house, by
restriction to the best geocoded addresses (uncertainty <20 m), or
by modifying the distance cutoffs around the @ priori value of 50 m
{30, 40, 60 and 70 m). In addition, for sensitivily analyses, when the
distances using the main geocoding and the photographic views
were available, the cases and controls were classified in the category
‘<50m from a HVOL), either when the distance from photo-
graphic views was <50m, or when at least one of the two
estimated distances was <50m, or when both the estimated
distances were <50m.

The analyses were also stratified by contextual seciceconomic
variables extracted from the 1999 census data for the Commune of
residence, including the urban status of the Commnune, median
income of the households, proportion of blue-collar workers and
proportion of baccalaureate holders. Additional analyses were
performed after excluding the cases and controls who lived <5km

from a nuclear power plant, in order to rule out possible
confounding by residence in the proximity of a nuclear power
plant, which was associated with AL in the present study (Sermage-
Faure et al, 2012).

Table 2 describes the cases registered from 2002 o 2007 by age,
gender and leukaemia subtype, on the basis of the distance of their
residences from the closest VRV-HVOL or HV-HVOL.

The 610 cases {(22.0%) and 7061 controls {23.5%) who were
living in a Commune entirely located at least 600m from any
HVOL constituted the baseline of the models. Living within 50m
of the closest HVOL, all voltages considered together, was not
associated with AL {OR = 1.2 (0.8-1.9)) (Table 3). However, while
no association was observed with residences close to HV-HVOL
(OR =10 (0.6-1.7}), an association was evidenced for children
who lived within 30 m of a VHV-HVOL (OR=1.7 (0.9-3.6)). In
contrast, the ORs were close to one for the residences located
#50m from a HVOL, even a VHV-HVOL, and no statistically
significant trend was observed with the inverse of the distance
(P=0.28 for distance from VHV-HVOL). The results for ALL
were very similar (OR=1.9 (0.9-4.0) at <50m from a VHV-
HVOL).

Splitting the sample into children aged <5 years and those aged
25 years showed that the association was only observed for the
younger group (Table 4). In that age group, living within 50m of
the closest VHV-HVOL was significantly associated with AL
(OR =26 (1.0-7.0)), with a significant trend with the inverse of
the distance (P = 0.03), whereas there was no association for the
older group (OR = 1.0 (0.3-3.3) living within 50m of the closest
VHV-HVOL).

Living within 50m of a VHV-HVOL was not associated with
AL in the Communies of urban units with a population > 100000
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| Distance to HVOL

225400 kV HVOL 63-150kV HVOL Any HVOL

Cases Controls Cases Controls Cases Controls

n % n % | OR®*i 95% CI n Yo n % | OR*{ 95% CI n % n % | OR®| 95% Ci
Baseline® 610 220 7061 23.5| 1.0 | Reference | 610 22.0( 7061) 235 1.0 [ Reference| 4610 22.0) 7061} 23.5| 1.0 | Reference
Unknown 67 203 67 203 &7 203
=600m 19241 69.2 [ 20896 | 697 1.0 ] (0.9-1.2) [ 1792 6451 19168 | 63.9) 1.9 | {1.0-3.2) | 1665 | 599§ 17937 | 52.8| 1.1 ) {0.9-1.2)
200-5%7m 145( 5.2 1161 47| 1.2 | (1.0-1.4) 242 871 2740 9.1} 1.0 | {0.8-1.2) 345 (124 3633121 11 0.9-1.2)
100-199m 16| 06| 267 09 07 | warn | 33| t2] 4&1] 15{ 08 | ey | 44| 187 9] 22| 08§ 0510
50-99m 8| 03 97| 03| 10 | (0.5-2.1) 21| 08 203 071 1.2 | {0.7-1.9) 25| 09 284 07| 1.0 ] (0.7-14)
049 m 2| 03 601 02| 17 | 09348 14| 05 64| 051 1.0 | (0.6-1.7) 23| 08 213 07 1.2 § (0819
Total 2779 30000 2179 30000 2179 30000

Abbreviations: Cl=confidence interval; HVOL =high-vollage overhead power line; OR=odds ratio.
®OR and 95% Cls estimated by logistic regression adjusted for age at the end of the year (Syear age groups for the 0-14-year-old children, 1-year age groups for the C4-year-old children) and

Département of residence.
BResidence in a Commune entirely located 2 600m from an HYOL,

{Table 4), but an association was observed for the less urban
categories of Commune. The same pattern was gbserved for the
under-5-year age gronp {data not shown). The association between
AL and living < 50 m from a VHV-HVOL appeared more marked,
although not significantly so, in the Commusnes with less-favorable
contextual socioeconomic characteristics: median income or
percentage baccalaurcate holders lower than the median value
for the controls; percentage blue-collar workers greater than the
median value for the controls. Adjustments for those contextual
variables, either separately or jointly, did not change the estimates.

No case and only two controls lived within 5km of a nuclear
power plant and <200 m from a VHV-HVOL; excluding them did
not modify the results.

Sensitivity analyses restricted to the best geocoded subjects
{(uncertainty <20m) generated slightly stronger results (OR=2.1
(0.9-4.7) for living within 50 m of a VHV-HVOL) (Table 5). The
results were also unchanged when the cutoffs were 10 and
20m above or below the a priori value of 50 m, and when the
baseline was extended to include the subjects living > 600 m from
a HVOL, even if their Copmune of residence had parts located
<600 m from a line (data not shown). Lastly, in the sensitivity
analyses using the main geocoding distance and that based on
photographic views when both were available (Table 5), the ORs
remained of the same order of magnitude but the associations were
no longer significant (OR = 1.3 {0.5-3.7) for distance <50 m based
on photographic views, OR=1.7{0.6-4.8) for both distances
<50m and OR=1.5 (0.8-3.1) for at least one distance <50m
from a VHV-HVOLY), For 0-4-year-old children, this was also the
case (OR=2.5 (0.6-10.5) for distance < 50m based on photo-
graphic views, OR = 3.5 (0.8-15.1) for both distances <50m and
OR=2.3 {0.9-6.0) for at least one distance < 50 m).

The present analysis of the Geocap nationwide case-control study
was carried out to test the hypothesis that living close to HVOL,
particularly VHV-HVOL, was associated with an increased
incidence of childhood AL. The study focused on HVOL, a

major source of exposure to ELF-MF in neighbouring residences
{Schiiz et al, 2000; Maslanyj ef al, 2007). The proximity of HVOL
to the residence of all the subjects was reliably evaluated without
any selection and using the same process over all mainland France
and over the 2002-2007 period. The resulls for living <50 m from
a 225 or 400kV HVOL were compatible with the IARC
conclusions. There was no association beyond that distance. The
association at a short distance was not observed for children aged
=5 years or those living in the most urban Comminnes.

The study covered a recent and relatively short period, and
historical databases were therefore available for the entire period.
One of the main strengths of the Geocap study is that it was
designed to avoid selection biases. The cases were identified by the
national registry, which complies with the international criteria
required for cancer registration and classification, and achieves a
high degree of completeness, by active research with almost three
sources per case on average (Clavel et al, 2004; Lacour et al, 2010).
Similarly, the recruitment of the confrols did not require their
active participation, preventing self-selection by sociceconomic
status. De facto, the control sample was closely representative of the
paediatric population on the basis of the sociodemographic
contextual criteria (Table 1).

All the cases’ and controls’ addresses were obtained and
geocoded, and the distances were calculated from objective
databases free from any recall bias and blind to case/control
status. This is another strength of the Geocap study in that it
enabled minimisation of differential misclassifications. The dis-
tances estimated from the GISs were assumed to rank, as
adequately as possible, the cases and cantrols by the true distance
of their dwellings from the HVOL. The databases used to locate the
lines were very precise. In particular, pylons were located with an
uncertainty of 2.5m in the RTE database.

Interestingly, the results were strengthened when the analyses
were restricted to the best geocoded addresses. The 67 cases and
203 controls (< 2% of the subjects) whose addresses were not
precise enough to enable their location close to the HVOL
probably had no substantial impact on the results, given the
expected distribution of the few subjects with respect to the
distance from VHV-HVOL (about 0.2% of the controls <50m
from VHV-HVOL). For the association to have been due to the
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Address-based distance from HVOL

225-400kV HYOL

63-150kV HVOL

Ca

OR®

95% Cl

Ca

Co

ORr®

5% CI

0-4 years
Baseline® 3 238 2326 239 1.0 Reference m 23.8 2326 239 1.0 Reference
Unknown 35 85 35 85
2=2&00m 870 66,6 6734 &9.3 0.9 (0.8-1.1) 814 62.3 6146 63.2 0.9 (0.8-1.%)
200-599m 74 5.7 444 4.4 1.2 0.9-1.8) 115 8.8 902 2.3 0% ©0.7-1.1)
100199 m 5 0.4 87 0.9 0.4 0.2-1.0) 13 10 145 1.5 0.6 (0.4-1.2)
50-99m b 0.5 27 0.3 1.6 (0.74.1) " 0.8 61 0.6 1.3 (0.7-2.5)
0-49m [ 0.5 14 0.1 2.6 (1.0-69) 8 0.6 52 0.5 1.1 0.5-2.3)
Total 1307 Q717 1307 9717

5-14 years
Baseline ® 299 20.3 4735 233 1.0 Reference 299 208 4735 233 1.0 Reference
Unknown 32 118 32 118
=600m 1054 7.6 14162 69.8 1.2 {t.0-1.4) 978 66.4 13022 64.2 1.2 {1.0-1.4)
200-599m Fal 4.8 972 4.8 1.2 {0.9-1.5) 127 8.6 1838 2.1 1.1 {0.9-1.4)
100-199m 11 0.7 180 0.9 1.4 (0.5-1.8} 20 1.4 316 1.6 1.0 {0.6-1.6)
50-9%m 2 0.1 70 0.3 0.5 0.1-2.0} 10 0.7 142 0.7 1.1 0.6-2.)
0-49m 3 0.2 aé 0.2 10 {0.3-3.3} & 0.4 112 Q.6 0% ©.4-2.1)
Total 1472 20283 1472 20283

<5000 inhabitants

Baseline® 309 34.1 3415 355 1.0 Reference 309 341 3415 355 1.0 Reference
Unknowm 36 &7 36 67

Z>600m 525 57.9 5630 58.6 1.0 {0.9-1.2} 482 531 5221 54.3 1.0 0.9-1.2)

200-599 m 30 33 393 41 0.9 [0.6-1.3) &8 1.5 724 7.5 1.0 0.81.49)

100-199m 2 0.2 71 0.7 0.3 0.1-14) 7 0.8 109 1.1 0.7 (0.3-1.6)

50-99m 1 Q.9 20 0.2 0.6 {0.1-4.6) 4 0.4 45 0.5 1.4 (0.4-3.0)

0-4%m 4 0.4 1% 0.2 2.5 0.8-7.7} i 0.1 34 0.4 0.4 ©.1-2.9)

Total 07 2615 07 9615

5000100000 inhabitants

Baseline® 71 1.1 756 10.9 1.0 Reference 7 1.1 755 10.9 1.0 Reference
Unknown 18 &3 18 63

2600m 53 80.3 5811t 84.1 0.8 0.6-1.1) 451 72.7 4942 71.4 0.9 (07-1.2)

200-599m 27 4.2 219 3.2 1.2 0.7-2.00 72 11.5 876 i2.7 0.8 (0.5-1.1)

100-199m 5 0.8 33 0.5 1.5 (0.5-3.9) 15 2.4 144 2.1 1.0 (0.5-1.8)

50-99m i 0.2 19 0.3 0.6 {0.1-4.8) 5 0.8 73 11 07 {0.3-1.7)

0-49m 4 0.6 6 0.1 49 (1.3-19.2) 7 1.1 53 0.8 1.2 {0.5-2.7)

Total 639 6907 639 6907

=100 000 inhabitants

Baselina® 230 18.7 2890 214 1.0 Reference 230 18.7 2890 214 1.0 Reference
Unknowm 13 73 13 73

2600m B86 7.9 9455 70.2 1.1 0.9-1.49) 859 69.7 2005 6568 1.2 (0.9-1.4)

200-599m 88 7.1 804 60 1.3 (1.0-1.8) 102 8.3 1140 85 1.1 (0.8-1.49)

100-199m 2 0.7 163 1.2 0.7 (0.4-1.4) " 0.9 208 1.5 0.7 (0.4-1.3)

50-99m -1 05 58 04 1.4 0.6-3.3) 12 1.0 85 0.6 1.7 {0.9-3.3)

0-49m 1 0.1 35 03 0.4 {0.1-2.9} 6 0.5 7 0.6 1.0 {0.4-2.4)

Total 1233 13478 1233 13478

Abbreviations: AL = acute leukaemia; Ca=number of cases; Cl= confidence interval; Co = number of contrels; HVOL =high-voltage overhead power line; OR= odds ratio.

20Rs and 95% Cls estimated by logistic tegression adiusted for age at the end of the year (S-year age groups for the 0-14-year-cld children, 1-ycar age groups for the 0-4-year-old children) and
Département of residence.
B aseline = residence in a Commune entitely located 2600m from any HYOL.

SAn wrban unit is defined by the INSEE (Nationa! Institute of Statistics and Economic Studies) as a group of Cammunes in which the distance betwezen dwellings is nowhere more then 200m.
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[ Main results I Sensitivity analyses |

{1) GIS with

GIS with any uncertainty uncertainty of 20m

(2) Photographic views available

Photograph only | <50m by GIS or phote | <50m by GIS and photo

Ca | (_Zo | ORI 95% C| Ca| ColORI 9?% Ci Cai ,CF°|QR 95% Ci Cal "Co ORI 95% Ci FIal/Co l OR] 95% Ci

] 610] ?061] 1.0 E Reference ] 610[ 7061] 10 Referencel 510| 7061[ 1.0] Re{erence, 610[ 70.51] 10 ! Re.erencel 610! 7061| 1.0] Reference
3] g9 08 OETD 2[R 07 [ OB | 38] 455] 6.9 0413
5| 28| 10} o218 20| 21z| 11] 0718 | 22| 84 14 (0e-22)
731 23| 12§ 0819 16| 152| 121 (07-2.0) | 14| 58] 11| (0619 | 24| 243| 12| (0719 13| 28| 1.2 | @©7=2)
] 267 07 § (04-1.7) 13| 260 08| 4-13) | 18] 2] 12| (0719
8 97| 101 0529 &| 68| 10} (04-24) 8] 741 13| 0&2n
9 & 171 (0936 7| 39| 21| 0947 4| 38f 13| 0537 ] e} 15| (0831) 4 30| 1.7 | 0649
3] 461 CE | 0619 22] 3 070511 | 24] 322 0% 0.6-13)
21} 23| 121 0719 16] 155 12| (0720 | 14| 121] 13| 0723
41 164 | 1.0 | 0617 g| 120| 08 | D4t | 10| 127 09| (0.5-1.8) 15| 188 09 | (0.5-1.8) | 103] 10| o528

Baseline ['311'] 2326 1.0 Re(eréncé'[ 31'1'] 5324 1.0 | Reference| 311 2326] 1.0 l'kefémnc'e e '232[5[ ‘1l0| Refe}enc'e] 3N (2326 ] ic | Reference
Any AVOL

00-199m | 17 213| 06 | ©03-1.0) 5] 750] 0.4 | 0208 | 16| 146! 09] 0515

50-99m | 84| 12| @2 | 1| 2| 12]w©s24 | 33| 550 17| 05-33

0-49m 14| e 15| psag 9| 42| 13|we2m i 8| 38) 15| wesn | 14| sl 14| 0828 g| | 17| 0e39
VHV-HVOL

019 m E[ & 04 | 0210 4] &3] 05 [ 204) | 9] 58] 1.3] (0628

50.99m 8| 27| 16| L4 4 9| 16|psso | & 21] 21| wBsE

0-49m 6] 14| 26| noem s| 8| 41 |n313n| 3| 7| 25| net0m| e 16| 23| weso 3 st 35 | 8150
HV-HVOL

WPm | 13] W8] 06 ] 0419 T 145040209 | 0] 93] 07| 0414

50-99n 1l oasl 3l pran 8i 61| 12| @524 | 71 35| 15} peas

049 m g| 3| 11{ 0523 4| 52| ve| 218 | 5| 33| 11| 0429 8] 55| 10| ©s2n s| 30] 13| @539

Abbreviations: Ca=number of cases; Cl=confiderce interval; Co= number of contrels; G5 = geographic information systern; HV-HVOL = high voltage high-voltage overhead power Unes
{(63-150kV); HVOL = high~voltage everhead power ling; OR=odds ratio; VHV-HVOL = very high voltage high-voltage overhead power lines {225-400kV). The first sensitivity analysis (1) is
restricted 1o the addresses best geocoded (GIS obtained with uncertainty of 20m} and the second one (2} 1o the addresses for which a photographic view vias available. The results shown in

Tables 4 and 5 are recafied in the fist columns.

Unknown category, the true addresses would have to have been
within 50m of a VHV-HVOL for none of the unclassified
cases and for about 15% of the unclassified conirols, which is very
unlikely, The sensitivity analyses were consistent with the main
results.

The Geocap study was designed to avoid selection and
differential misclassification biases, which are common short-
comings of case-control studies on environmental factors,
particularly ELF-MF (Mezei and Kheifets, 2006; Kheifets and
Oksuzyan, 2008; Schiiz and Ahlbom, 2008). The study included no
individual data other than age and address, which were obtained
for all the cases and controls. Therefore, potential AL risk factors
such as birth order, breastfeeding, day-care attendance and
pesticide exposure were not available. However, conditionally on
age and the sociodemographic characteristics of the Comnune of
residence, which were accounted for in adjusted or stratified
analyses, known or suspected risk factors are not likely to differ
markedly within vs outside the 50-m distance from the VHV-
HVOL. The study may have suffered from non-differential
misclassifications, particularly because of the uncertainty of the
gealocation of the homes, or because the period considered, that is,
residence at diagnosis or interview, may not belong to the most
relevant time window, or because the small numbers did not enable

separation of the 400- and 225-kV VHV-HVOL or splitting the
smallest category of distance. Therefore, the relationship between
living close to VHV-HVOL and AL is probably not overestimated.
As a registry-based study, the Geocap study considered the
addresses at the time of diagnosis for the cases and at the time of
inclusion for the controls. it did not cover the whole residential
history since conception, and earlier or longer time windows may
be more relevant in childhood AL. In the Escale case—control study
{data collected in 2003-2004), the household had not moved
during the index pregnancy or childhood for 46% of the controls
< 15 years, and 60% of those <5 years {Amigou et al, 2011). In the
present study, the relationship was only cbserved for children
<5 years, which might be compatible with a smaller impact of
misclassifications, due to moves, of early exposures related to the
proximity of VHV-HVOL. The relationship was not observed in
children living in the most populated urban Communes.

The present study exclusively addressed the question, recurrent
in France, of the risk of childhood AL close to HVOL. If living
<50m from HVOL is causally related to AL, it is expected to
induce an excess of less than one new case < 15 years per year in
France, under steady conditions of residency close to VHV-HVOL.
The distance of the residence from a HVOL is by no means a
perfect surrogate for individual exposure to ELE-MF because of the
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proximity of the lines. Individual i situ measurements would be
more suitable exposure indicators, provided that they were
standardized, accurate and precise measurements, and that no
selection bias (and no participation bias) limited their interpreta-
tion. Residential proximity of a VHV-HVOL was considered
an indicator of increased probability of high residential exposure to
ELF-MF, with the hypothesis that other sources of exposure to
ELF-MF would be independent of the presence of the line and thus
would be distributed similarly for the children living < 50m from
a VHV-HVOL and those living further away (Schiiz et al, 2000;
Maslanyj et al, 2007). The study combined stringent voltage
(32225kV) and distance (<50 m) conditions with a high degree of
accuracy in the geocoding process, in order to identify the
individuals who most probably had the highest exposures to
ELF-MF in the population study. Exposure to ELE-MF depends on
many sources and, regarding power lines, on many other
parameters than distance, particularly current load and type of
pylon (also related to the line voltage). Conversely, the distance
from VHV-HVOL might also be an indicator of environmental
exposures and lifestyle factors related to the vicinity of lines other
than ELF-MF,

In a descriptive analysis of studies of ELF-MF exposure in
4452 homes in the United Kingdom (UKCCS, 1999) and 1835
homes in Germany (Schiiz ef al, 2000), only a small number of
dwellings were located within 56 m of a HVOL (93 homes), 16 of
which were close to a 220-400kV HVOL (Maslanyj ef af, 2009).
Extremely low-frequency magnetic field exposure >0.4uT was
more prevalent in the latter homes (18.8%) than in those close to
11-132kV HVOL (6.5%), even though the absolute numbers of
dwellings with ELF-MF exposure 0.4 4T were similar (three and
five homes, respectively). Therefore, in this study, the absence of an
association close to HV-HVOL lines, where the prevalence of
exposed residences is assumed to be lower, is poorly informative
with respect to the hypothesis that ELF-MF may have a role in
childhood AL.

This hypothesis will be investigated more precisely in a fiture
stage of the Geocap study. RTE is to calculate individual estimates
of the exposure to ELF-MF for all the Geocap subjects located close
to a HVOL, blind to casefcontrol status, The exposure estimates
will take into account the particular characteristics of each of the
neighbouring lines {pylons geometry, height and type of cable,
ground wires and so on), the average annual current load for each
of the identified lines, the time-distribution percentiles of the
current load and the particular location of the residence with
respect to the closest line spans (Bessou et al, 2013).

This is the first French contribution to the issue of ELF-MF,
HVOL and childhood AL. The results are compatible with the first
meta-analyses published in 2000 (Ahlbom et al, 2000; Greenland
et al, 2000), the recent review by Schiiz and Ahlbom (2008} and the
most recent meta-analysis summarizing the studies of the last
decade (Kheifets et al, 2010). While no underlying biclogical
mechanism has been advanced to date in support of the
epidemiological observation (WHO, 2007), the IARC classification
of ELF-MF as a possible carcinogen (IARC, 2002) has not been
strongly challenged. The study by Draper et al (2005) based
on residence at birth and covering more than three decades
(1962-1995) revealed associations with longer distances from
power lines than previously envisaged, far above the threshold
usually recognised as generating ELF-MF greater than background
exposures, and with a positive trend with decreasing distance.
Extremely low-frequency magnetic fields were estimated second-
arily in the same study, and then considered unlikely to be the only
explanation (Swanson, 2008; Krofl ef ai, 2010} for the observed
relationship with distance. Overall, the number of exposed
newborns was small because five AL cases and three controls
resided at birth within 50m of a HVOL (mainly VHV-HVOL)
(Draper ef al, 2005), and two AL cases and one control were

assumed to be exposed to at least 0.4 4T {Swanson, 2008). In the
present study, we observed no significant trend with decreasing
distance to VHV-HVOL,

Recently, in a commentary on the most recent papers by Kroll
et al (2010) and Kheifets et al (2010}, Schmiedel and Bletiner
(2010) drew attention to the current limitations of epidemiology
with regard to affording new ingights in the field and answering
questions in the absence of satisfactory biological models. Geocap
was designed for quantitative modelling and the study of
coexposures, and may thus be considered an appropriate tool for
contributing to knowledge in the field.

In conclusion, the present study has generated additional findings,
based on a recent nationwide unselected population-based study,
that support the hypothesis that living <50m from a 225 or
400 kV HVOL may be associated with an increased incidence of
childhood AL. No increase in risk was observed further from those
lines and no increase in childhood AL risk was detected within
50 m of the 63-150kV HVOL. Model-based estimates of ELE-MF
exposures will be used to investigate for potential involvement of
ELE-MF in the observed association.
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conducted the control sampling; (3) Jérdme Bessou and Damien
Cougnaud from the French ‘Réseau de transport d'Electricité’
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Abstract

The direct targets of extremely fow and microwave frequency range electromagnetic fields (EMFs) in preducing non-thermal effects have not
been clearly established. However, studies in the literature, reviewed here, provide substantial support for such direct targets. Twenty-three
studies have shown that voltage-gated calcium channsls (VGCCs) produce these and other EMF effects, such that the L-type or othar VGGC
blockers block or greatly lower diverse EMF effects. Furthermore, the voltage-gated properiies of these channels may provide biophysically
plausitle mechanisms for EMF biotogical effects. Downstream responses of such EMF exposures may be medialed through Ca®/catmodulin
stimulation of nitric oxide synthesis. Potentially, physiologicaltherapeutic responses may be fargely as a resuit of nitric oxide-cGMP-protein
kinase G pathway stimulation. A well-studied example of such an apparent therapeutic response, EMF stimulation of bone growth, appears to
work atorng this pathway, However, pathophysiological responses ta EMFs may be as a resuit of nitric oxide-peroxynitrite-oxidative stress path-
way of action. A single such well-documented example, EMF induction of DNA singte-strand breaks in cells, as measured by alkaline comet
assays, Is reviewed here, Such single-strand breaks are known te be produced through the actien of this pathway. Data on the mechanism of
EMF induction of such breaks are limited; what data are available support this proposed mechanism. Other Ca®*-mediated regulatory changes,
indepandent of nitric oxide, may also have roles, This article reviews, then, a substantially supported set of fargets, VGCCs, whose stimulation
produces non-thermal EMF responses by humans/higher animals with downstream effects involving Ca®*fcalmodulin-dependent nitric oxide
increases, which may explain therapeutic and pathophysiological effects.

Keywords: intracelinlar Ga?* = voltage-gated calcium channels  fow frequency electromagnetic field exposure e nitric
oxide » oxidative stress e calcium channel biockers

Introduction

An understanding of the complex biology of the efiects of electromag-
netic fields {EMFs) on hurman/higher animal biclagy inevitably must
be derived from an understanding of the target or fargets of such
fields in the impacted cells and tissues. Despite this, no understand-
ing has been forthcoming cn what those targets are and how they
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may lead to the complex biological responses 1o EMFs composed of
low-energy photons. The great puzzle, here, is that thess EMFs are
comprised of low-enargy photons, those with insufficient energy to
individually influence the chemistry of the call, raising the question of
how non-thermal effects of such EMFs can possibly occur. The author
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has found that there is a substantia! literature possibly pointing to the
direct targets of such EMFs and it is the goal of this study o review
that evidence as well as review how those targets may lead to the
complex biotogy of EMF exposurs.

The role of increased intracellelar Ca®* following EMF exposure
was already well documented more than 20 years ago, witen Watlec-
zek {1} reviewed the role of changes in calcium signalling that were
produced in response EMF exposures. Other, more recent studies
have confirmed the role of increased intracelular Ca®* following EMF
exposure, a few of which are discussed below. His review {1]
included two studies [2, 3] that showed that the L-type vollage-gated
channel blocker, verapamil could fower or block changes in response
to EMFs. The properties of voltage-gated calcivm channsls (VGCCs)
have been reviewed elsewhere [4]. Subsequently, extensive evidence
has been published clearly showing that the EMF exposure can act {o
produce excessive activity of the VGCCs in many cell types [5-26}
suggesting that these may be direct targets of EMF exposure. Many
of these studies implicate specifically the L-type VGCCs such that var-
ious L-type calcium channel blockers can block responses leo EMF
exposure (Table 1). However, other studies have shown lowerad
responses produced by other typss of calcium channel blockers
including N-fype, P/Q-type, and T-type blockers (Table 1), showing
that other VGCGs may have important roles. Diverse responsss to
EMFs are reported to be blocked by such ealcium channel blockers
(Table 1), suggesting that most if not all EMF-mediated responses
may he produced throttgh VGCC stimulation, Voltaga-gated calcium
channels are essential fo the responses produced by extremely low
frequency (including 50/60 Hz) EMFs and also to microwave fre-
quency range EMFs, nanosecond EMF pulses, and static electrical
and magnelic fields (Table 1).

in a recent study, Pilla [27} showed that an increase in intraceflu-
lar Ca®* must have occurred almost immediately after EMF exposure,
producing a Ga*/calmodulin-dependent increase in nitric oxide
occurring n less than 5 sec. Although Pifla [27] did not test whether
VGGG stimulation was involved {n his study, there are few alternatives
that can preduce such a rapid Ca®* response, none of which has been
implicated in EMF responses. Other studies, each involving VGCCs,
summarized in Table 1, also showed rapid Ca* increases following
EMF exposure [8, 16, 17, 19, 21]. The rapidity of these responses ruls
out many types of regulatory interactions as being involved in praduc-
ing the increased VGCG activity following EMF exposure and sug-
gests, therefore, that VGGG stimulation in the pfasma membrane is
directly produced by EMF exposure.

Possible modes of action following
VGCC stimulation

The increased intraceliular Ca® produced by such VGCC activation
may lead to multipla regulatory responses, including the increased
nitric oxide levels produced through the action of the two Ca®*/cal-
modulin-depandent niteic oxide synthases, nNOS and eNOS.
Increased nitric oxide levels typically act in a physiofogical context
through increased synthesis of cGMP and subseguent activation of

protein kinase G [28, 29]. in contrast, in most pathophysiological
contexts, nifric oxide reacts with superoxide to form peroxynitrits, a
potent non-radical oxidant [30, 31}, which can produce radical prod-
ugts, including hydroxyi radical and NQ, radical {32].

Therapeutic bone-growth stimulation
via Ca®*/nitric oxide/cGMP/protein
kinase G

An example of a therapeutic eifect for bona repair of EMF exposure in
various madical situations includes increasing osteoblast differentia-
tion and maturation and has been reviewed repeatedly [33-44]. The
eflects of EMF exposure on bone cannol be chaflenged, although
there is still considerable question about the best ways to apply this
clinically [33-44]. Our focus, hers, is to consider possible mecha-
nisme of action. Multiple studies have implicated increased Ca®* and
nitric oxide in the EMF stimulation of bone growih [44-49); three
have also implicated increased ¢GMP and profein kinase G activily
{46, 48, 49]. In addition, studies on other regulatory stimuli leading to
increased bone growth have also implicaied increased cGMP levels
and profein kinase G in this response {50-56}. In summary, then, it
can be seen from the above that there is a very welfl-decumented
action of EMFs in stimulating osteoblasts and bone growitt. The avail-
able data, afthough limited, suppor the action of the main pathway
involved in physiological responses 1o Ca® and nilric oxide, namely
Ca®*/nitric  oxide/cGMP/protein  kinase G i producing  such
stimulation.

Ca®*/nitric oxide/peroxynitrite and
pathophysiologica! responses to EMF
exposures: the example of single-
strand DNA breaks

As was noted above, most of the pathophysiclogical effects of nitric
oxide are mediated through peroxynitrite elevation and consequent
oxidative stress. There are many reviews and other studies, implical-
ing oxidative stress in generating pathophysiological effects of EMF
exposure [see for example 57-64]. In some of these studies, the rise
in oxidative stress markers parallels the rise in nitric oxide, suggest-
ing a peroxynitrite-mediated mechanism [64-67].

Peroxynitrite elevation is uswally measured through a marker of
peroxynitrite-mediated protein nitration, 3-nitrotyrosine {3-NT). There
are four studies where 3-NT levels were measured before and after
EMF exposure [66, 68-701. Each of thase studies provides some evi-
dence supporting the view that EMF exposure increases lsvels of per-
oxynitrite and therefore 3-NT levels {66, 68-70). Although these
cannot be taken as definitive, when considered along with the evi-
dence on oxidative stress and elevated nitric oxide production in
response to EMF exposure, they strongly suggest a peroxynitrite-
mediated mecharism of oxidative stress in response to EMFs.

@ 2013 The Author.
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Such a peroxynitrite-mediated mechanism may explain the many
studies showing the sinple-stranded breaks in DNA, as shown by
alkaline comet assays or the similar microge! electrophoresis assay,
following EMF exposures in most such studies [71-88}, but not {n all
[90-57). Some of the factors that are reported to influence whether
such DNA single-strand Dreaks are defected after EMF exposure
include the type of cell studied {79, 86], dosage of EMF exposure
[78] and the type of EMF exposure studied [73, 77]. Oxidative
stress and free radicals have roles, both because there is a con-
comitant increase in oxidative stress and because antioxidants
have been showa to greatly lower the generation of DNA single-
strand breaks following EMF sxposure [72, 75, 81, 82} as has
also been shown for peroxynitrile-mediated DNA Dreaks produced
under other conditions. It has also been shown that one can block
the generation of DNA single-sirand breaks with a nitric oxide
synthase inhibitors {82}

Peroxynitrite has heen shown to produce single-strand DNA
breaks {98-100], a process that is inhibited by many but not all an-
tioxidants [99, 100]. It can be seen from this that the data on genera-
tion of single-strand DNA breaks, although quite Himited, support 2
mechanism involving niteic oxide/peroxynitrite/fres radical (oxidative
stress). Afthough the data on the possible role of peroxynitiite in
EMF-induced DNA single-strand breaks are limited, what data are
avaifable supports such a peroxynitrite role.

Discussion and conclusions

How do EMFs composed of low-energy photons produce non-thermal
biological changes, both pathophysiological and, in seme cases,
polentially therapautic, in humans and higher animals? It may be sur-
prising that the answer to this question has been hiding in plain sight
in the scientific literature. However, in this era of highly focused and
highly speciatized seience, few of us have the time to read the relavant
literature, let alone organize the information found within it in useful
and critical ways,

This study shows that:
1 Twenty-three different studies have found that such EMF
exposures act wvia aclivation of VGCCs, such that VGGG channel
blockers can prevent responses to such exposures (Table 1).
Most of the studies implicate L-type VGCCs in these responses,
but there are also other studies implicating three ofher classes
of VGGCs.
2 Both extremely low frequency fields, including 50/60 cycle
exposures, and microwave EMF range exposures act via activa-
tion of VGGCs. So do static electric fields, static magnetic fields
and nanosecond pulses,
3 Voltage-gated cafciem channel sfimulation leads to
increased inteacellular Ca®*, which can act in furn fo stimulate
the hwo calcium/caimodulin-dependent nitric oxide synthases
and increase niiric oxide, It is suggested here that nitric oxide
may act in therapeutic/potentially therapeutic EMF responses
via its main physiological pathway, stimulating cGMP and pro-
tein kinase G. It is also suggested that nitric oxide may act in
pathophysiological responses fo EMF exposure, by acling as a

4

precursor of peroxynitrite, producing both oxidative stress and
free radicat breakdown products.

4 The interpretation in thiee above is supported by two spe-
cific well-documented examples of EMF effects. Electromagnetic
fields stimulation of bone growth, modulated through EMF
stimulation of osfeoblasts, appears to involve an elevation/nitric
oxide/protein kinase G pathway. In contrast to that, it seems
likely that the EMF induction of single-stranded DNA breaks
involves a Ca®*/elevationfnitric oxide/peroxynitrite/free radical
(oxidative stress) pathway.

it may be asked why we have evidence for involvement of VGGCs
in rgsponse to EMFE exposure, but no similar evidence for involvement
of voltage-gated sodium channels? Perhaps, the reason is that thers
are many imporiant biological effects produced in increased intracel-
lular Ga®*, including but not limited to nitric oxide efevation, but much
fewer are produced by elevated Na*.

The pessibie role of peroxynitrite as opposed to protein kinase G
in producing pathophysiological responses to EMF exposure raises
the question of whether there are practical approaches to avoiding
such responses? Typically peroxyaitrite levels can be highly elevated
when both of its precursors, nitric oxide and superoxide, are high.
Consequently, agents that fower nitric oxide synthase activity and
agenis that raise superoxide dismutases {SODs, the enzymes that
degrade superoxide) such as phenolics and other Nif2 activators that
induce SOD activity [101], as well as calcium channe) blockers may
be useful. Having said that, this is a complex area, where other
approaches should be considered, as well.

Although the various EMF exposures as well as static electrical
field exposures can act to change the electrical voltage-gradient
across the plasma membrane and may, therefore, be expected to
stimulate VGCCs through their vollage-gated properies, it may be
surprising that static magnetic fields also act to activate VGCCs
because static magnetic fields do not induce electrical changes on
static objects. However, cells are far from static. Such phenomena as
cell ruffiing [102,103] may be relevant, where thin cytoplasmic sheets
bounded on hoth sides by plasma membrang move rapidly. Such
rapid movement of the elestrically conducting cyteplasm, may be
expected to influence the electrical charge across the plasma mem-
hrane, thus potentially stimulating the VGGGCs.

Earlier modelling of electrical effects across plasma membiranes
of EMF exposures suggested that such electrical effects were likely to
be 160 small to explain EMF sffecls af levels reported to produce bio-
logical changes {see, for example [22]), However, more recent and
presumably more biologically plausible modelling have stuggested
that such elactrical effects may be much more substantial [104-109]
and may, therefore, act to directly stimulate VGCCs.

Direct stimufation of VGCCs by partial depolarization across the
plasma membrane is suggested by the following observations dis-
cussed tn this raview:

1 The very rapid, almost instantaneous increase in intraceliufar
Ca®* found in some studies following EMF exposure [8, 16, 17,
19, 21, 27). The rapidity here means that most, if not all indi-
rect, regulatory effects can be ruted out.

2 The fact that not just L-type, but three additionai classes of
VGCCs are implicated in generating biological responses to EMF

@ 2013 The Author.
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exposure {Table 1), suggesting that their voltage-gated proper-
ties may be a key feature in their ability to respond io EMFs.

3 Most, if not all, EMF effects are blocked by VGGG channel
blockers (Table 1).

4 Modelling of EMF effects on living cells suggests that plasma
membrane voltage changes may have key roles in such effects
[104-109]. Saunders and Jefferys stated [110] that ‘It is well
established that electric fields ... or exposure o low frequency
magnetic fields, will, if of sufficient magnitude, excite nerve tissue
through their interactions with ... voltage gated ion channels'.
They furiher state [110] that this is achieved by direct sffects on
the electsic dipole voltage sensor within the ion channel.

One question that is not answered by any of the avaitable data is
whether whal is known as 'dirty eleciricity’ [111-113], generated by
rapid, in many cases, square wave transients in EMF exposure, also
acls by stimufating VGOGs. Such dirty eleciricity is inherent in any
digital technology because digital technotogy is based on the use of
such square wave transients and it may, therefore, be of special con-
cern in this digital era, but there have been no tests of such diry elec-
tricity that determine whether VGCCs have roles in response to such
fields, to my knowtedge. The nanosecond pulses, which are essen-
tially very brief, but high-intensity dirty eleciricity do act, at least in
part, via VGGG stimulation (Table 1), suggesting thal dirty electricity
may do likewise. Clearly, we nasd direct siudy of this question.

Tae only detaited alternalive to the mechanism of non-thermal
EMF effects discussed here, 1o my knowledge, is the hypothesis of
Friedman ef af. [114] and supporled by Desai ef al. [115] where the
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apparent initial response to EMF exposure was proposed o be NADH
oxidase activation, leading to oxidative stress and downstream regu-
fatory effects. Although they provide some correlative evidence for a
possible role of NADH oxidase [114], the only causal evidence is
based on a presumed specilic inhibitor of NADH oxidase, diphenyle-
neiodoniur (DP1). However, DP has been shown to be a non-specific
cation channel blacker [116}, clearly showing a lack of such speeific-
ity and suggesting that it may act, in part, as 2 VGCG blocker. Gonge-
quently, & causal role for NADH oxidase in responses to EMF
exposure must be considersd 1o be undocumented.

in summary, the non-thermal actions of EMFs composed of low-
energy pholens have been a greal puzzle, because such photons are
insufficiently energetic 1o directly influence the chemistry of cells. The
cuirent review provides support for a pathway of the biologfcal action
of ultralow frequency and microwave EMFs, ranosecond pulses and
static elecirical or magnetic fields: EMF activation of VGCOs feads to
rapid elevation of intraceflular Ca®, nitric oxide and in some cases at
least, peroxynilrite. Poteniially tharapeutic elfects may be mediated
tirough the Ca®/nitric oxide/cGMP/protein kinase G pathway. Patho-
physinlogieal effects may be mediated through the Ca®*/niltic oxide/
peroxynitrite pathway. Other Ca®*-mediated effacts may have roles as
well, as suggested by Xu et af. {26].
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Abstract — The aim of the stidy was to estimate the effect of static electric fields with physical parameters
generated nearby HVDC transmission lines on hormonal system of experhuental aninals. 96 male Wistar
rats were exposed for 56 consecutive days (8 honrs daily) 1o static electric field witl intensity of 16, 25 and
35 kVim, while 32 control rats were shame-exposed. Exposure to static electric fields evoked transient
stimulation of insulin and thyroid hormones secretion us well as decrease in corficosterone level. As
abserved gffects appeared mostly for intensity above 16 kVin in prepared reconnnendations potential
harmful effect of electric flelds with stucl Intensities should be regarded.

Introduction

The results of experimental studies suggest that different forms of electric ficld affect significantly hormonal
activity of hypophysis, adrenal coriex, thyroid pland and testes of experimental animals, probably as a result
of stimulation by this physicat faclor - acting as a non-specific stressor — the activity of hypothalamus-
hypophysis-peripheral glands system or direel eficct on synthesis and secretion of particular hormones. The
divergenee of oblained resulls is relaed mainly to different physical parameters of efectric field and
experimental models used by particular suuhors, Nowadays transport of electric power using air High Voliage
Direct Current (HVDC) transmission lings becomes very popular. Regarding the lack of reports dealing with
the infiuence of strong static clectric ficlds on activity of endocrine glands in available literature, the aim of
the study was to estimate the efiect of static eleetric fields with physical parameters generated nearby HVNDC
transmission lines on hormonal system of experimental animals.

Material and Methods

Experimental material consisted of 128 male Wistar albino rats aged 6 weeks, weighting about 150 g. During
the whole experiment alf animals were placed in identical environmemal conditions (consiant temperature 22
£ 1°C and humidity of air) under a 12 h light-dark cycle) and fed with standard laboratory pellet food
Labofed B (15g per day) and free access to lap water. Al animals were randomly divided into 4 equal groups
(32 animals each) with no significant differences in body weight. Two wecks before the beginning of
exposure eycle rats from afl groups were adapted to new environmental conditions in room, in which
subsequently whole experiment was performed, This adaplation process and optimal civironmental
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conditions in a specially designed room enabled to exclude the influence of other faclors than ¢lectric field
action: on hormonal activity of experimental animals.

The animals from 3 experimental groups were exposed for 56 consecutive days (8 hours daily, alternately
between 7°%+15%, 15"+23% and 23%+7%, similarly as in case of cleciric current transmission lines staff
working in shifts) to static electric fietd with different electric field intensity values in a specially designed
experimental system consisting of autotransformer, high voltage transformer 220V/60000V, cascade rectifier,
water rheostad, 2 electrodes with round shape and specially profiled edges placed in a distance of 50 cm from
cach other, typical plastic cage placed between both clectrodes containing 8 animals at a same time and
magnetostatic kilo-valimeter C196 type. Rals from first experimental group were exposed 1o static electric
field with intensity of 16 kV/m, rats from second experimental group were exposed 0 slatic electric fiekl
with intensity of 25 kV/m and rats from third experimental group were éxposed to static electric fietd with
intensity of 35 kV/m. The control animals were subjected to sham-exposure in the same experimental system,
during which no eleetric field was generated between clectrodes. Taking into account the fack of regulations
limiting the parameters of exposure to static eleciric ficld generated nearby High Voltage Direct Current
transmission lines, in selection of analyzed clectric ficld intensity values actual obligatery norms for
occupational exposure 1o varinble eleciric felds with frequency above | Mz as well as results of
measurements of electric field intensity in the corridor of actually existing HYDC transmission lines were
included. The lowest value ot chosen electric field intensiiy — 16 kV/m is comained within the range of
permissible norm for variable electric fields in conditions of oceupational exposure, intermediary value of 25
kV/m corresponds with typical values of static electric field intensity observed in ,.corridor™ of actually
existing HVDC transmission lines and highest value of 35 kV/m conforms to top. level of electric field
intensity, which occur sometimes in close proximity of ¢lectric field transmission lines in especially
unfavourable weather conditions.

AUTA™, 28" and 56™ day of exposure cycle and then at 28" day after the end of exposure eycle a part of
animals from all groups (8 rals at a same time) was exsanguinated in Morbital narcosis (50 mg/kg of body
weight i.p.) between 8% and 10% am, regarding daily profile of concentration of some hormones with
highest excretion level in the morning. Then the coltected blood (6-8 ml) was decanted and centrifuged and
in obtained serum the concentrations of some hormones as insulin, glucagon, adrenocorticolropin,
corticosterone, irilodothyronine, thyroxine and testosterone were estimated. Concentration of particular
hormones were determined by means of radioimmunologic method using respectively: Rat Insulin RIA Kit
RI-13K (LINCO Research St. Charles, ME, USA), Glucagon Radicitnmunoassay (RIA) Kit RK-028-02
(Phoenix Peptide, Belimont, CA, USA), DSL-2300 ACTH Radioimmuncassay (R1A) Kit, DSL-80100 Rat
Corticosterone Radioimmunoassay (REA) Kit, DSL-3100 ACTIVE Triiodothyrenine (T3} Coated-Tube
Radiotmmunoassay (RIA) Kit, DSL-3200 ACTIVE Thyroxine Coated-Tube Radioimmunoassay (RIA) Kit
and DSL-4000 ACTIVE Testosterone Coated-Tube Radioimmuncassay (RIA) Kit (all Diaguostic Systems
Laboratories, Inc., Oxon, Great Britain).

The results of measurements presented as mean values £ SEM for panicular groups were subjected to
statistical analysis by means of analysis of variance {(Kruskal-Wallis ANOVA test) with subsequent detailed
analysis of dilferences between particular groups by means of post-hoc U-Mann-Whitney test.

Results

Mean serum concentration of insufin at 14% day of exposure cycle in group 16 kV/m was significantly higher

comparing to control group (by 110,3% {p=0,012)). In other groups of animals exposed to electric field mean
serum concentration of this hormone did not differ significanlly in comparison with control group, At 28"t
day of exposure eycle mean serum concentration of insulin in group 16 kV/mn did not differ significantly
comparing 1o control group, while in groups 25 kV/n and 35 kV/m it was significantly higher in comparisen
with control group (by 38,8% (p=0,046) and 67,0% (p=0,046), respectively). At 56" day of exposure cycle
mean serum concenteation of fnsulin in groups 16 kV/m i 25 kV/m was significantly higher in comparison
with controb group (by 59,1% (p=0,012} and 90,2% (p=0,006), respectively}, while in group 33 kV/im it did
not differ significantly comparing to control group. At 28™ day afler the end of exposure cycle mean serum
coneentration of insulin in proups of rals expesed to eleciric ficld did not differ significantly in comparison to
control group, Mean serun concentration of glucagon at 14™ day of exposure cycle in groups 16 kV/m and
25kV/m did not differ significantly in comparisan with control group, while In group 35 kV/m it was
significantly higher comparing to contro} group (by 65% (p=0,016)). At 28" day of exposure cycle mean
serum concentration of glucngons in group 16 kKV/m did not differ significantly in comparison with control
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group, while in groups 25 kV/m and 35 kV/m it was signiﬁcamld\.r higher comparing to control group {by
48,6% (p=0,046) and 44,3% (p=0,046), respectively). At 56" day of exposure cycle mean serum
concentration of glucagons in groups 16 kV/m and 25 kV/m did not differ significantly in comparison with
control proup, while in group 35 kV/m it was significantly lower comparing to control group {by 48,9%
(p=0,027)). At 287 day after the end of exposure cycle mean serum concentration of glucagon in groups of
rats exposed to eleciric field did not differ significantly in comparison to control group. Mesn serum
concentration of adrenocorticotropin at 14' day of exposure cycle in groups 16 kV/m and 25 kV/m did not
differ significantly in comparison with control group while in group 35 kV/m it was significantly lower
comparing to control group (by 31,2% (p=0,009). At 28" and 56" day of exposure cycle and at 28" day after
the end of this cycle mean serum concentration of adrenocorticotropin in groups of rats exposed to electric
field did not differ significantly in comparison with control group. Mean serum concentration of
corticosterone at 14%day of exposure cycle in all groups of animals exposed to electric field (16 kV/m,
25kV/m § 35kV/m) was significantly lower in comparison to contro! group (by 34,3% (p=0,046), 36,8%
(p=0,046) and 50,7% (p=0,006), respectively). At 28" day of exposure cycle mean serum concentration of
corticosterone in group 16 kV/m did not differ significantly comparinig to conirol group, while in groups 25
kV/m and 35 kV/m it was significantly lower in comparison with control group (by 41,5% (p=0,036) and
78,1% (p=0,002), respectively). At 56 day of exposure cycle and at 28" day after the end of this cycle mean
serum concentration of corticosterone in groups of rats exposed 1o electric field did not differ significantly in
comparison with control group. Mean serum concentration of trilodothyronine at 14™ day of exposure cycle
in all experimental groups did not differ significantly comparing to control group. At 28® day of exposure
cycle mean serum concentration of iriiedothyronine in group 16 kV/m did not differ significantly comparing
to control group, while in groups 25 kV/m and 35 kV/m it was significantly higher in comparison with
control group (by 16,1% (p=0,021) and 24,9% (p=0,002), respcctively). Also at 56” day of exposure cycle
mean serum concentration of this hormone in group 16 kV/m did not differ significantly comparing to control
group, while in groups 25 kV/m and 35 kV/m it was significantly higher in comparison with control group
{by 23,0% (p=0,046) and 28,8% (p=0,036), respectively). At 28" day after the end of exposure cycle serum
concentration of triiodothyronine in group 16 kV/m did not differ significantly comparing to control group,
while in groups 25 kV/m and 35 kV/m it was significantly higher in comparison with contro! group (by
25,6% (p=0,006) and 32,2% (p=0,003), respectively). Mean serum concentration of thyroxine at 14™ day of
exposure cycle in all groups of animals exposed to electric field (16 kV/m, 25 kV/m i 35 kV/m) was
significantly higher in comparison with controf group (by 31,3% (p=0,016), 33,4% (p=0,012) and 57,8%
(p=0,002), respectively). Similerly at 28" day of exposure cycle mean serum concentration of thyroxine in all
groups of animals exposed to clectric field (16 kV/m, 25 kV/m and 35 kV/m) was significantly higher in
comparison with control group (by 28,6% (p=0,006), 23,6% (p=0,046) and 50,9% (p=0,081), respectively).
At 56" day of exposure cycle mean serum concentration of thyroxine in group 16 kKV/m was significantly
higher comparing to control group (by 30,7% (p=0,009)), while in other experimental groups concentration
of this hormone did not differ in comparison with control group. At 28" day afier the end of exposure cycle
mean serum concentration of thyroxine in groups of rals exposed to electric field did not differ significantly
in comparison with control group. Mean serum concentration of testosterone at 14™ day of exposure cycle in
all groups of animals exposed 1o electric field (16 kV/m, 25 kV/m i 35 kV/m) was significantly higher in
comparison with control group (by 666,5% (p=0,006), 657,7% (p=0,021) and 692,0% (p=0,005),
respectively). At 28™ and 56™ day of exposure cycle and at 28" day after the end of this cycle mean serum
concentration of testosterone in experimental groups did not differ significantly in comparison with control

group.

Discussion

The observed effect of exposure of experinmental animals to static electric field resulting in transient
significant increase in insulin, thyroxine, triiodothyronine and testosterone activities during exposure cycle,
as well as significant decrease in corticosterone activity in early phase of exposure cycle with subsequent
normalization of this activities after the end of exposure approximate typleal two-phase stress reaction to
external stimulus as &.g. immobilization [1]. Unfortunately, lack of data dealing with the influence of static
electric fleld on activity of hormonal axis hypothalamus-pituitary gland-peripheral glends in attainable
literature does not allow to confirm univocally the hypothesis on stress origin of obtained effects. It seems
that results of experimental studies on hormonal effects of variable electric fields with similer values of
electric fleld intensities could support this hypothesis, Exposure of male mice to electric field {frequency 50
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Hz, intensity 10 kV/m) [2] and (frequency 60 Hz, intensity 25, 30 kV/m) [3] led to increase in moming
corticosterone level with subsequent normalization during further exposure. On the other hand exposure of
rats to electric field (frequency 60 Hz, imensity 15 kV/m) [4} and (frequency 60 Hz, intensity 64 kVim) [3]
evoked sipnificant decrease in corticosterone level ond both in corticosterone and tcstoterone level,
respectively. Fimally exposure of rats to electric field (frequency 50 Hz intensity 50 1H2) [6] caused a slight
decrease in trijodothyronine concentration withowt any significant changes in corticosterone and thyroxine
level, while exposure of young rabbits 1o electric field with the same parameters resulted only in decrease in
corticosterone level {7]. Presented results indicale that eleetric felds could influencé hormonal activiiy of
adrenal gland, thyreid gland and testicles in experimental animals both by activation of physiofogical
hormohnal axis or by direct stimutation of synthesis and secretion of hormones in patticular glands, The
divergence of lime dependence and direction of obtained changes in hormone concentrations are due to
different physical parameters of clectric fiekd and experimental models used.

Conclusions

1. Long-lerm exposure of rals 10 strong slatic clectric fields with intensity generated ncarby High

Voltage Direct Current transmission lines evokes transient stimulation of excretion of insulin and

thyroid hormones as well as decrease in corticosterone level probably in the course of long-lasting

siress reaction caused by electric field action.

The observed hormonal effects of electric fleld action were intensity-related and they appeared

mostly for intensity values above 16 kV/m.

3. In prepared recommendations potential harmifd efiect of electric fields with such physical
parameters should be taken into account, and intensity values of static electric ficld nearby planned
High Voltage Direct Current transmission lines must not exceed tevel of 16 kVim,

[
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The refation between residential magnetic field exposure from power lines and montality from neurodegenerative
conditions was analyzed among 4.7 million persons of the Swiss Nationat Cohort (linking moriality and census
data), covering the period 2000-2005. Cox proportional hazard models were used to analyze the relation of living in
the proximity of 220-380 kV power lines and the risk of death from neurodegenerative diseases, with adjustment
for a range of potential confounders. Overall, the adjusted hazard ratio for Alzheimer's disease in persons living
within 50 m of a 220-380 kV poweriine was 1.24 (95% confidence interval (Cl): 0.80, 1.92) compared with persons
who lived at a distance of 600 m or more. There was a dose-response relation with respect 1o years of residence in
the immediate vicinity of power lines and Alzheimer's disease: Persons living af least 5 years within 50 m had an
adjusied hazard rafio of 1.51 (95% Cl: 0.91, 2.61), increasing fo 1.78 {95% Cl: 1.07, 2.96} with at least 10 years and
to 2.00 (85% CI: 1.21, 3.33) with at least 15 ysars. The pattern was similar for senile dementia. There was littie
evidence for an increased risk of amyotrophic lateral sclerosis, Parkinson's disease, or mulliple sclerosis,

demsnlia; neurodegensrative diseases; radiation, nonionizing

Abbreviations: ALS, amyotrophic lateral sclerosis; Cl, confidence interval; ELF-MF, extremely low frequency magnetic field(s);
ICD-10, International Classification of Diseases, Injuries, and Causes of Death, Tenth Revision.

Research on the long-term effects of extremely low fre-
quency magnetic fields (ELF-MF) has focused on cancer since
Wertheimer and Leeper (1) poblished their results on child-
hood cancer and wiring configurations in 1979, In 2001, the
International Agency for Rescarch on Cancer classified expo-
sure to residential magnetic fields above 0.4 uTas a “possible™
cause of childhood leukemia (2). For noncancer endpoints, an
initial report by Sobel et al. {3) on occupational ELE-MF
exposure and Alzheimer's disease suggested that the risk
could be substantial. Studies published subsequently have
produced inconsistent results, but a recent meta-analysis (4)
reported elevated risks in cohort, as well as case-control, stud-
ies. A recent review of the evidence for an association between
ELF-MF and Alzheimer’s disease by the World Health Orga-
nization (5) concluded that the available data were inadequate,
and the topic was identified as a key research priority.

To our knowledge, no study has so far examined whether
residential exposure from power lines is associated with an

elevated risk of neurodegenerative diseases. Even a small
association could be of high public health relevance, since
a considerable number of persons are exposed to these
ficlds. For example, 9.2% of the Swiss population live
within 600 m of a 220 or 380 kV power line. We used the
Swiss National Cohort, a longitudinal study of the Swiss
population (6), to investigate whether living in the vicinity
of power lines was associated with mortality from neuro-
degenerative diseases such as Alzheimer’s discase, senile
dementia, amyotrophic lateral sclerosis (ALS), mubtiple
sclerosis, and Parkinson’s disease.

MATERIALS AND METHODS
Study population

The present analysis was based on the 2000 national cen-
sus, Mortality data were available for the period 20002005,

Correspondence to Dr. Anke Huss, Institute of Social and Preventive Medicine, University of Bem, Finkenhubelweg 11, CH-3012 Bem,
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Table 1. Number of Deaths by Cause, Recorded in Swiss Mortality Data Belween December 4, 2000, and December 31, 2005

No, of % of Mean Age at
oi0Cotet  gigm  whix o Dembinlometo (oS
All causes 294,833 262,378 g6 78.2 (71.6-88.5) 51
Alzheimer's disease G30 9,758 9,228 95 85.3 (80.0-90.5) 68
Senile dementia G30, F0O, FO3 20,975 28,288 94 86.9 (82.7-91.7) 68
Amyotrophic lateral sclerosis G122 758 744 98 70.3 {63.5~-79.0) 46
Parkinson's disease G20-21 6,994 6,683 96 83.7 {79.6-88.8) 48
Multiple sclerosis G35 838 773 92 67.0 (67.9-77.4) 67
Cancer of the Irachea, C33-C34 14,384 14,281 99 70.0 (62.4-78.1) 26
bronchus, or lung
Cancar of the esophagus Cis 2,119 2,1 99 70.5 (61.5~79.9) 24
Alcoholic liver disease K70 3,356 3,303 98 83.4 (65.4-71.5) 28

Abbreviation: ICD-10, Infemational Classificalion of Diseases, Injuries, and Causes of Death, Tenth Revision,

2 Deaths that could ba linked 1o the census (refer to the text).

* Excluded were persons with unknown building coordinates or who were under 30 years of age at the start of follow-up or death.

with causes of death coded according to the International
Classification of Diseases, Injuries, and Causes of Death,
Tenth Revision (ICD-10). Enumeration in the 2000 census
is nearly complete: Coverage was estimated at 98.6% (7).
Deterministic and probabilistic record linkages were used to
link census records to a death record or an emigration record
(6). Of death records of persons older than 30 years, 95.1%
could be successfully linked to a 2000 census record. At
present, the database includes foltow-up data until December
31, 2005,

We excluded persons aged 29 years or less at the census,
as well as persons with incomplete information on building
coordinates. The database contains information on age, sex,
marital status, ¢ducation, and occupation, as well as addi-
tional variables describing, for example, the degree of ur-
banization of the area or building characteristics such as the
number of apartments per building. The geo-coded place of
residence of the patticipants (i.e., Swiss-grid coordinates
extracted from the Swiss building registry) is also included
in the census data. In general, these coordinates pinpoint
a location within a few meters of the building’s midpoint.
Data from the 1990 census were used to identify the place of
residence at that time. The 1990 and 2000 censuses addi-
tionally include information on whether individvals had
lived at the same place 5 years before the census, that is,
in 1985 or in 1993, We were thus able to identify persons
who had lived at their place of residence for at least 5, 10, or
15 years.

Outcomes

We considered deaths from the following neurodegener-
ative, diseases: Alzheimer’s disease, senile dementia, ALS,
Parkinson’s disease, and maltiple sclerosis. These diseases
had to be listed on the death certificate as the primary or
a concomitant cause of death. The recording of neurodegen-
erative diseases on death certificates might be related to
socioeconomic position. We therefore included outcomes
that are known to be related to socioeconomic position:

cancer of the trachea, bronchus, or lung; alcoholic lLiver
disease; and all-cause mortality. The ICD-10 codes used
are listed in Table 1.

Exposure

Exposure assessment was based on the distance of the
place of residence to the nearest power line, We included
all 220-380 kV power lines in Switzerland, over 5,100 km
in total. We obtained geodata of the power lines from
the Federal Inspectorate for Heavy Current Installations.
Figure 1 ilustrates locatization of the power lines and build-
ings in Switzerland, We determined the shortest distance to
any of the transmission lines and derived the number of
persons living within the corridors around the power lines.
We defined corridors of 0—< 50 m, 50—<200 m, 200-<600 m,
and 600 m or beyond. We determined exposure at the time
of the 2000 census.

Information about the use of a building as a clinic or
nursing home was available from a separate building record,
which was completed by the owner of the building, and this
information was then matched fo the personal records of
individuals. Some persons might lve in a nursing home or
clinic because of a neurodegenerative disease. Therefore,
in order to obtain more appropriate exposure data for indi-
viduals living in such an institution in 2000, we used the
exposure for the place of residence at the time of the 1990
census instead. Persons who lived in a nursing home or
clinic in 1990 were excluded from the analysis.

Statistical analyses

We analyzed data using Cox propertional hazard models.
We compared the risk of dying from neurodegenerative
diseases across corridors and according to the duration of
residence in exposed corridors (at least 5, 10, and 15 years).
Person-years of observation were defined as the interval
between December 4, 2000 (the date of the census), and
death, emigration, or December 31, 2005,

Am J Epidemiol 2009;169:167—175
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Power Line Exposure and Neurodeganerative Diseases 169
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Figure 1. Powaerlines and buildings in Switzerland. Data sources: Federal Inspectorate for Heavy Cumrent instaliations, Fehraltdorf {power lines);
Register of Buildings and Dwellings, Federal Statistical Office, Neuchétel (building coordinates); and Federat Office of Topography swisstopo,

Wabem (background map of Switzerand).

We used age as the underlying timescale in our models.
All models were adjusted for sex; educational level (com-
pulsory education, secondary level, and tertiary level); high-
est reporfed occupational attainment by code (4 levels
extracted from the International Standard Classification of
Occupations of 1988—1) legislators, senior officials, man-
agers, and professionals, 2) technicians and associate pro-
fessionals, clerks, service warkers, and shop and market
sales workers, 3) skilled agricultural and fishery workers,
craft and related trades workers, plant, machine operators,
and assemblers, and elementary occupations, and 4) no oc-
cupation reported); civil status (single, married, divorced,
widowed); urbanization category {city, agglomeration, rural
municipality); and language region (German, French, Ital-
ian). We also included the number of apartments per build-
ing into the model, a potential risk factor for magnetic field
exposure due to indoor wiring (8).

Finally, because Alzheimer’s disease might be associated
with benzene exposure, we adjusted models for living
within 30 m of a major road. We extracted proximity of
the buildings to the “major road network” using data from
the Swiss TeleAtlas database for this purpose. The major
roads network includes motorways and motorway exits, as

Am J Epidemiol 2009;169:1687-175

well as “major roads of high importance”: nearly 8,700 km
with 7% of the population exposed to major roads in the 50-m
corridor. In sensitivity analyses, we repeated analyses for
persons aged less than 85 years, by sex, and examined
whether results differed between deaths where Alzheimer’s
disease or senile dementia had been coded as the primary or
concomitant cause of death.

We tested our models successfully for the proportionality
assumption using Nelson-Aalen survivor functions and sta-
tistical tests based on Schoenfeld residuals. Data were ana-
lyzed by using Stata 9 (StataCorp LP, College Station,
Texas) software. Results ate presented as hazard ratios with
95% confidence intervals,

The Swiss National Cohort was approved by the cantonal
ethics committees of Bern and Zurich.

RESULTS

Of the 7.29 million persons recorded in the 2000 census,
2.59 million were excluded because they were under the age
of 30 years at the census. Furthermore, 39,871 persons with
enknown building coordinates were exciuded. The cohort
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170 Huss et al.

Table2. Number of Deaths, Person-Years of Follow-up, and Hazard Ratios for Alzheimer's Disease and Senile Dementia Morality According to
Distance to Power Lines, Entire Study Population and Individuals With at Least 16 Years at the Identical Place of Residence, Switzedand,
2000-2005

Crude Adjusted
Cause of Death PV Power Lino,m. Cases Porsonvears  Hazard Conttionge  Hazard o SB®
Ratlo Interval Ratlo interval
Entire study population

Alzheimar's disease O-<80 20 58,423 1.18 (.76, 1.83 1.24 0.80, 1.92
50—<200 130 363,460 112 094, 1.33 1.13 0.95, 1.34

200-<600 572 1,688,323 0.99 0.81,1.08 1.02 0.94, 1.11

=600 8,506 20,711,618 1 Referent 1 Referent

Senile dementia 0—<50 60 58,423 1.19 0.92, 1.563 1.23 0.96, 1.59
50~<200 37 363,460 1.06 0.96, 1.18 1.08 0.97, 1.19

200-<600 1,702 1,688,323 0.98 0.93, 1.02 .99 0.94, 1.04

=800 26,155 20,711,618 1 Referent 1 Referent

individuals living at least 15 years af the identical place of residence

Alzheimer's disease 0—<50 15 22,320 1.90 1.14,3.15 2,00 1.21, 3.33
50-<200 63 145,148 112 0.88, 1.44 1.15 0.89, 1.47

200—<600 259 641,017 0.96 0.85, 1.08 1.00 0.88, 1.13

=600 3,861 7,698,419 1 Referent 1 Referent

Senile dementia 0-<50 33 22,320 1.40 0989, .97 1.41 1.00, 1.98
50200 169 145,148 1.00 0.86, 1.16 1.01 0.86, 1.17

200-<600 819 641,017 1.00 0.93,1.07 1.1 0.94, 1.09

>600 11,930 7,698,419 1 Referent 1 Referent

& Gox proportional hazard models were based on either 4,65 million {entire study population) or 1,75 million (individuals with at least 15 years at
the identical place of residence} pecople, with age as the underlying timescale, crude and adjusted for sex, educational level, cccupationat
attainment, urban-rutal area, civil status, language region, number of apartments per building, and living within 50 m of a major road.

thus consisted of 4.65 million persons. During the study
period, 282,378 eligible and linked deaths from all causes
were recorded, including 9,228 deaths from Alzheimer’s
disease, 28,288 deaths from senile dementia, 773 deaths
from multiple sclerosis, and 6,683 deaths from Parkinson’s
disease (Table 1). The total number of person-years of
follow-up was 22.82 million for the whole study popuiation
and 8.51 million for persons who reported living for at least
13 years at the identical place of residence (Tables 2 and 3).

The adjusted hazard ratio of Alzheimer’s disease for per-
sons living within 50 m of a 220-380 kV power line com-
pared with that for persons who lived at a distance of 600 m
or more was 1.24 (95% confidence interval (CI): 0.80, 1.92).
There was little evidence of an increased risk beyond 50 m.
Analysis by exposure duration revealed a dose-response re-
lation with respect to years of residence in the vicinity of
power lines: Persons living at least 5 years within 50 m had
an adjusted hazard ratio of 1.51 (95% CI: 0.91, 2.51), which
increased to 1.78 (95% CI: 1.07, 2.96) for persons with at
least 10 years and to 2,00 (95% CI: 1.21, 3.33) for persons
with at least 15 years (Figure 2; Table 2). These adjusted
hazard ratios of 2.04 (95% CI: 1.06, 3.93) and 1.96 (95%
CI: 0.88, 4.38) were similar for women and men, respec-
tively, and for persons under 85 years of age (adjusted
hazard ratio = 1.94, 93% CI: 0.97, 3.89).

For senile dementia, we observed the same pattern as with
Alzheimer's disease, although associations tended to be
weaker. For increasing exposure time in the vicinity of
power lines, the adjusted hazard ratio increased from 1.23
(95% CI: 0.96, 1.59) for any exposure duration to 1.34 (95%
CLE 0.98, 1.82) for persons with at least 5 years, to 1.36
(95% CI: 0.98, 1.89) with at least 10 vears, and to 1.41
(95% CI: 1.00, 1.98) with at least 15 years of residence near
the power line (Table 2). For both Alzheimer’s disease and
senile dementia, there was little evidence for a difference in
effects between deaths coded as primary and deaths coded
as concomitant cause (Piyeracton > 0-2).

Parkinson’s disease and ALS were not associated with
residence in the proximity of power lines. The adjusted
hazard ratio for any duration of exposure in the 50-m cor-
ridor was (.83 (95% CI: 0.46, 1.49) for Parkinson’s disease
and could not be estimated (no case occurred in the 50-m
corridor) for ALS. The adjusted hazard ratio for multiple
sclerosis was 1.20 (95% CI: (.30, 4.80). Similar results were
obtained when restricting analyses to persons with at least
15 years at the same place of residence (Table 3).

No increased risk in the proximity of a power line was
found for all-cause mortality, cancer of the lung, bronchus,
or trachea, cancer of the esophagus, or alcoholic liver dis-
case, for any duration of residence (data not shown} or when

Am J Epidemiol 2009;169:1867-175
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Table 3. Numberof Deaths, Parson-Years of Follow-up, and Hazard Rafios for Amyotrophic Lateral Sclerosis, Parkinson's Disease, and Multiple
Sciaerosis Mortality According to Distance to Power Lines, Entire Study Population and Individuals With at Least 15 Years at the Identicat Place of

Residence, Switzedand, 2000-2005%

Crude Adjusted
Causs of Death " Powsr Lina,m_ Cases  Personvears  Hozard Contionce  Huzard o 85%
Ratio Interval Ratio Interval
Entire study population '
Amyotrophic lateral sclerosis 0-<580 0 68,423
50-<200 10 363,480 0.88 0.47, 1.64 0.85 (.46, 1.59
200-<600 38 1,688,323 0.74 0.54, 1.02 072 0.52, 1.00
>800 695 20,711,618 1 Relerent 1 Refarent
Parkinson's disease 0-<B0 i2 58,423 0.95 0.54, 1.67 0.87 0.50, 1.56
650-<200 89 363,460 1.15 0.94, 1.40 1.06 0.87,1.29
200-<600 416 1,688,323 0.98 0.90, 1.09 .92 0.84, 1.02
>600 8,166 20,711,618 1 Reterent 1 Referent
Multiple sclsiosis 0-<50 2 58,423 1.11 0,28, 4.43 1.19 .30, 4.79
50-<200 16 363,460 1.38 0.84,2.26 145 0.88,2.39
200-<600 60 1,688,323 1.12 0.86, 1.45 1.16 0.89, 1.51
>600 695 20,711,618 1 Referent 1 Referant
Individuals living al least 15 years at the identfcal place of residence
Amyolrophic lateral sclerosis 0-<50 ) 22,320
60 —<200 7 145,148 1.05 0.50, 2.2t 1.00 0.47,2.11
200~-<600 29 641,017 0.97 0.66, 1.41 0.93 0.63, 1.35
=600 38y 7,698,419 1 Referent 1 Referent
Parkinson’s disease 0-<50 8 22,320 1.25 0.63, 2.51 1.15 0.57,2.30
80—<200 56 145,148 1.25 0.96,1.63 114 0.87, 149
200-<600 210 641,017 0.99 0.85, 1.14 0.93 0.81,108
=600 3,008 7,698,419 i Referent 1 Referent
Multiple sclerosis 0-<50 1 22,320 1.26 0.18,8.98 1.35 0.19,9.62
50-<200 i1 145,148 2.09 1.15, 3.82 219 1.19,4.01
200-<600 26 641,017 1.10 0.74, 165 1.14 0.76, 1.71
>600 299 7,698,419 1 Referent 1 Hoferant

2 Cox proportional hazard model based on 4.65 million and 1.75 million people, with age as the underying timescale, crude and adjusted for sex,
educational level, occupational attainment, urban-rural area, civil staius, language regicn, number of apartments per building, and living within 50 m

of a major read.

restricting analyses to persons with at least 15 years at the
same place of residence (Table 4),

DISCUSSION

This large study of the entire Swiss population found that
persons who lived within 50 m of a 220-380 kV power line
were at increased risk of death from Alzheimet’s disease,
compared with persons who lived farther away from power
lines. The risk increased with increasing duration of resi-
dence in the 50-m corridor. Notably, the risk declined rap-
idly with increasing distance, with only weak evidence for
an increased risk beyond 50 m. A similar pattern was ob-
served for senile dementia. In contrast, we found no consis-
tent association for ALS, Parkinson’s discase, or multiple
sclerosis. Our study thus indicates a possible association

Am J Epidemiol 2008;169:167-175

between ELF-MF exposure and risks of Alzheimer’s disease
and senile dementia.

Comparison with previous studies

Established risk factors for Alzheimer’s disease include
age and genetic factors (9). Controversy remains regarding
environmental risk factors, including ELF-MF (10). The
association between Alzheimer’s disease and ELF-MF has
generally been studied with respect to occupational expo-
sures. Occupational exposures are typically about 0.5 pT for
electricians, some machine operators, or train drivers, above
1 uT for some machine operators, and around 3 uT for
electrical power instaliers and repairers (11). In occupa-
tional settings, increased risks of Alzheimer’s disease have
been reported with magnetic field exposures at levels around
0.5 pT (4). To our knowledge, an analysis of the potential

Schedule DS-11
Page 5 of 9

¥10T ‘L7 2unr uo 3s9nd £q Srosjewmo progxe afey/ding woy pepro[usod



172 Huss et al.

Buration of Living at the [dentical Place of Residence

210 years 215 years

S

47 Any duration 25 yoars

Q
5 27
£ 15+
% i
E 1 +—1 -
* 0671

T I T T J 1 ) L]

0-<50 200-<600  0-<50 200-<B00

50-<20¢  =H00m

50-<200  >600m

| B TS S| Y LI | T
0-<50  200—<600 0-<50  200-<600

50-<200 600m 50-<200 600

Distance, m, to Nearest 220-380 kV Power Line

Figure2. Mortality from Alzheimer's disease in relation to proximity to 220-380 kV powerlines, Switzerland, 2000—2005. Cox proportional hazard
madels for persons in Switzerland who reported living at the place of residence at the time of the 2000 census or at the identical place of residence
for at least 5, 10, or 15 years, using age as the underlying timescals, adjusted for sex, educationat lavel, occupatiohal attainment, urban-rural area,
civil slalus, language region, number of apartments per building, and living within 50 m of a major road.

association of newrodegenerative diseases and residential
exposure has not been reported in the scientific literature,
even though ELF-M¥ exposure from power lines can be of
the same magnitude as in occupational settings. In the

United Kingdom, propagation of magnetic fields at levels
of about 0.5 pT at a distance of 50 m to a 275 kV line was
reported (12). At maximum load, these levels could, how-
ever, be considerably higher. In Switzerland, the Federal

Table 4. Number of Cases and Hazard Ratios for Comparison Qutcomes of Total Mortality, Alcohotlc Liver Disease, Cancer of the Esophagus,
and Lung Cancer According 1o Parsons Who Reported Living at Least 15 Years at the Identical Place of Residence, Switzerland, 2000-2005%

Cruda Adjusted
Cause of Death D‘I“:}a;:\?w‘l?fﬁ\tsn?o g:;:; H;:;;d Congl?ci%énce H;;ﬁ;d Conalsd‘:nee
Interval Intervat

Total mortality 0-<50 341 .1 1.00, 1.24 1.07 0.96, 1.19
50-<200 2,144 1.01 0.97, 1.08 0.97 0.93,1.01

200—<600 10,104 1.02 1.00, 1.04 1.00 0.98, 1.02

>600 135,851 1 Referent 1 Reoferent

Alcoholic liver disease 0-<50 4 1.01 0.38, 270 1.1 0.41,2.96
50-<200 32 1.23 0.87, 1.75 1.3 0.92,1.86

200—<600 94 0.82 0.66, 1.01 0.87 0.70,1.07

=600 1,409 1 Referent 1 Referent

Cancer of the esophagus 0-<50 1 0.37 0.05, 2.62 0.36 0.05,2.55
50-<200 i6 0.88 0.54, 1.45 0.84 0.51,1.38

200-<600 77 0.94 0.75,1.19 0.92 0.73, 1.16

>600 1,055 1 Referent 1 Referent

Lung cancer 0—<50 19 1.02 0.65, 1.59 1.00 0.64, 1.57
50-<200 119 0.95 0.79, .14 0.94 0.78,1.12

200—<600 651 0.98 0.890, 1.07 0.99 (.90, 1.08

>600 7,248 ' 1 Refarent 1 Referent

2 Cox proportional hazard models, using age as the underying imescale, crude and adjusted for sex, educational level, occupational attainment,
urban-rurat area, civil status, language region, number of apariments per building, and living within 50 m of a majer road. The study population is the

same as that for Table 3.

Am J Epidemiol 2009;169:167--175
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Office for the Environment estimated that, at full load, 1 puT
would not be exceeded at a distance of 6080 m from a 380
kV line and at 40-55 m from a 220 kV line (13).

For ALS, an association between the risk of ALS and
employment in electrical occupations, which is related to
both magnetic field exposure and the risk of experiencing
electric shock, has been reported (14). The electric shock
hypothesis would be consistent with our results, as we did
not observe an association with residential magnetic field
exposure. In the absence of a known biologic mechanism,
the World Health Organization recently concluded that
the available evidence on a possible association between
ELF-MF and Alzheimer’s discase, as well as ALS, was
inadequate (5).

Of the few studies so far that evaluated magnetic field
exposure and multiple sclerosis, none reported statistically
significant increased risks, which is in line with the incon-
sistent results observed here (15~17). Also in line with pre-
vipus studies, our results for Parkinson’s discase provide
little evidence for an association (18).

Strengths and limitations

This study combined the mortality register data with
nearly complete population data from the 2000 census, com-
plemented with information on duration of residence from
the 1990 census. With the exception of persons emigrating
from Switzerland, particularly older immigrants who tend to
refurn to their countries after retirement, mortality data are
also virtually complete. Record linkage failed in some in-
stances, but this is unlikely to be associated with residence
in the vicinity of power lines. Linkage success is very high
in the age group above 30 years and highest in the age group
between 65 and 85 years. Because mortality from neuro-
degenerative diseases is negligible in younger people, we
restricted our analyses to persons aged 30 years or over. In
sensitivity analyses, we excluded people aged 85 years or
older and obtained virtually identical results.

The development of neurodegenerative disease, as well as
its recording on death certificates, may be associated with
socioeconomic position. The availability of data on educa-
tion and occupation and other potential confounders on an
individual Ievel is an important strength of our study. This
allowed us to adjust for several indicators of socioceconomic
position, but this adjustment had only very small effects on
our estimates, In addition, causes of death known fo be
associated with socioeconomic position were included for
comparison but did not show an increased risk in the 50-m
corridor.

There is no registry for neuvrodegenerative diseases in
Switzerland, and we had to rely on information given on
death certificates, where neurodegenerative diseases are
known to be underreported (19-21). The degree of under-
reporting varies by disease. Death certification of cases of
ALS and multiple sclerosis has been found to be reasonably
accurate (22, 23). Underreporting of Alzheimer’s disease, as
well as senile dementia, is more commeon and increases with
the age of the deceased (19, 21, 24-27). Mortality rates for
Alzheimer’s disease have been increasing since 1995, when
a specific code was introduced in the ICD-10 system, in-

Am J Epidemiol 2009;169:167-175

dicating that reporting of Alzheimer’s disease on death cer-
tificates has become more complete in recent years.
However, it is unlikely that the completeness of reporting
is associated with living in the proximity of power lines,

The magnetic fields produced by power lines depend on
a variety of factors, including the load characteristics, dis-
tance between conductors, and the placement of phases.
Unfortunately, information on these characteristics was
not available in our study, We acknowledge that the use of
exposure corridors, without measurements or taking the
Ioad of the line and other factors into account, may have
introduced Berkson-type error into the exposure assessment
{28), and this could have reduced the power of our study. On
the other hand, it is possible that our surrogate is not pre-
dictive for frue exposures at all because other sources may be
more important, for instance, at work or when travelling.
This would imply that the observed association is due to
another factor that could not be controlled for in the analysis.
However, we believe that we allowed for the most important
factors in the analysis, and we are not aware of other expo-
sures that could plausibly explain the observed associations.

There is no consensus as to which exposures from over-
head power lines are biologically relevant and should be
measured (2}. For example, ionized particles or contact cur-
rents may also be relevant (29-31). However, all of these
exposures are associated with distance to a power line. We
extended the corridors around power lines up to a distance
of 600 m to make our results comparable with those of the
study by Draper et al. (32). In conirast to their study, we
found little evidence for an increased risk beyond 50 m.
With respect to a potential mechanism, we can only specu-
late whether one of the mechanisms that have been proposed
in the literature (5) might be of importance in the context of
magnetic field exposure and neurodegenerative diseases.
For example, induced electric fields in neural networks
(electric fields induced in tissue by exposure to extremely
low frequency electric and magnetic fields) have been re-
ported to affect synaptic transmission in neural networks, as
well as the radical pair mechanism (5). Increased free rad-
ical concentrations can cause oxidative damage to cellular
components, which could play a role in the etiology of
Alzheimer’s disease.

Finally, underground cables that replace overhead power
lines in some urban areas may represent an additional source
of residential magnetic field exposure, but these were not
considered in our study, In Switzerland, underground cables
of 220380 kV represent only around 0.8% of the grid, and
we decided to omit cables from our analyses.

Public health implication

Assuming that the associations observed in this study are
causal, what are the public health implications? Considering
the relatively small number of cases of Alzheimer’s disease
and senile dementia diagnosed in the 50-m corridor
{Alzheimer’s disease: 20 of 9,164 (0.22%); senile dementia:
59 of 28,045 (0.21%)), it is clear that the public health
impact appears limited. The true publie health impact, how-
ever, is difficult to determine. Rates of Alzheimer’s disease
were reported to be from 2- to 8-fold higher if diagnoses were
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based on clinical examination instead of death certificates
(20, 24). In addition, Alzheimer’s disease might go undiag-
nosed in ancther group of persons. Finally, although we
found only weak evidence for an increased risk beyond
50 m, it is unlikely that there is an abrupt change in risk at
50 m. Nevertheless, our results do provide reassurance for the
population living at distances of 50600 m from a power line.

Conclusions

The results of our study support the hypothesis that mag-
netic field exposure plays arole in the etiology of Alzheimer’s
disease and senile dementia but not of ALS or other neuro-
degenerative diseases. Despite the large sample size covering
the whole Swiss population, these findings must be inter-
preted with caution, because of the lack of known biologic
mechanisms.
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The Effects of Low-Frequency Environmental-
Strength Electromagnetic Fields on Brain Electrical
Activity: A Critical Review of the Literature
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Department of Orthopaedic Surgery, LSU Health Sciences Center,
. Shreveport, Louisiana, USA

Reports dealing with the stimulus-response velationship between low-level, Iow-
Jreguency electromagnetic flelds (EMFs) and changes in brain electrical activity
permir assessment of the hypothesis that EMFs are detected by the body via the
process of sensory transduction. Thase reports, as well as those involving effects on
brain activity observed after a fixed time of exposure, are criticafly reviewed here. A
consistent stimulus-response relationship between EMFs and changes in brain
activity has been demonsitrated in animal and human subjects. The effecis, which
consisted of onset and offset evoked potentials, were observed under conditions
permitting the inference that the fields were transduced like ordinary stinudf such as
light and sound. However, unlike the changes in brain activity induced by these
stimuli, the changes induced by EMFs were governed by nonlinear laws. The studies
involving attempts to determine whether a period of EMF exposure caused a
metabolic effect reflected in pre-exposure{post-exposure differences in brain activity
_ were generatly inconclusive.

Keywerds Electromagnetic field; Brain electrical activity; Nonlinear analysis;
Electroencephalogram; Evoked potentials; Recurrence analysis.

Introduction

Concern regarding the impact of environmental-strength electromagnetic fields (EMFs)
on the nervous system arose independently from two strikingly different resgarch
initiatives. Referring to research he had done from 1965-69 to help explicate the Soviet
microwave irradiation of the American embassy in Moscow and the results in several
published reports (Gavalas et al,, 1970; Bawin et al,, 1973), Ross Adey said:

My colleagues and I have observed the effects of weak electric and
electromagnetic fields on the behavior of man and animals, and we have
correlated these observations with neurophysiological effects and brain
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chemistry. The most striking conclusion drawn from these observations is
that mammalian central nervous functions can be modified by elecirical
gradients in cerebral tissue substantially less than those known to occur
in postsynaptic excitation, and also substantially smaller than those
presumed to occur with inward membrane currents at synaptic terminals
in release of transmitter substances. (Adey, 1976)

During the same time period, Robert Becker sought to understand the role of
endogenous electrical signals in the control of tissue regeneration; in 1972, after
summarizing his work he said:

1 also feel concern for a much broader problem, which is the continuous
exposure of the entire North American population to an electromagnetic
environment in which is presen{ the possibility of inducing currents or
voltages comparable with those now known to exist in biological control
systems. (Becker, 1972)

The idea they had in common was that man-made EMFs might interfere with the
electrical signals that governed the body's regulatory systems, like sand in the gears
of a machine, thereby promoting human disease.

In 1980, Becker and Marino presented a general theory of the link between
EMFs and disease, based on a putative electrogenic protein in excitable cells whose
functional state was altered by the presence of weak pericellular EMFs (Fig. 1)
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Figure 1. The proposed control system that mediates EMF-induced biological effects, The
field is transduced and the resulting signal is cognitively processed thereby permitting the brain
to initiate and regulate the appropriate adaptive physiological responses. A key observable in
the theory is the stimulus-response relationship formed by onset of the EMF and subsequent
deterministic changes in brain electrical activity.
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(Becker and Marino, 1982). As theorized, a resulting subthreshold change in
membrane potential led to an afferent signal, cognitive processing, and efferent
signals to the body’s effector systems. In this view, the reported links between EMFs
and effects in body tissues (and ultimalely human disease) were indirect and stem-
med from overtaxing the body's sensory and compensatory mechanisms (excess
biological stress).

The theory predicted that the onset of an EMF almost immediately {riggered
alterations in brain electrical activity. Consequently, evidence of a stimulus-response
relationship between presentation of an EMF and changes in brain clectrical activity
would support the validity of the initial stages of our theory (Fig. 1). Our purpose
here is {o describe and evaluate the literature pertinent to the existence of such a
relationship. Only studies dealing with the effects of low-frequency EMFs on brain
clectrical activity will be discussed; effects due to high-frequency EMFs (mobile
phones) were reviewed elsewhere (Carrubba and Marino, In press),

Methods

Woe searched electronic databases (PubMed, Science Citation Index) using various
combinations of an electrical term (field, electromagnelic, clectric, magnetic, ELF,
nonionizing, DC, AC), a device (high-voltage powerlines, electrical appliances), and
an ocutcome {electroencephalogram, evoked potentials, brain electrical activity) to
identify English-language studics that involved the effects of low-frequency, non
thermal EMFs on the brain clectrical activity of humans or animals. The inclusion
criteria were: (1) a reasonable description of the experimental conditions: (2) use of a
control group; and (3) statistical evaluation of the data. The exclusion criteria were:
(1} the use of thermal EMFs; and (2) application of electrical energy by means of
surface clectrodes rather than fields. All other factors including blinding of study
participants, counter-balancing of experimental conditions, performance of sham
studies, and corrections for multiple comparisons were considercd with regard to the
weight given to the study rather than 10 its admissibility as evidence of the ability of
EMFs to affect brain activity.

Lintear Studies

Animal Studies

Bell et al. (1992b) statistically compared brain electrical aclivity from rabbits in the
presence and absence of ficlds, using spectral analysis. The EMFs studied were: (1)
1 G, 5Hz (a prominent frequency in the rabbit brain); (2} 0.64 G, 25 Hz (the ion-
resonance conditions for K*Y); (3) 1 G, 25 Hz (a field whose suspected physiological
significance was that it was a nospecific stressor). Each rabbit was exposed 1o the
three fields, a light stimulus (positive control), and a sham stimulus (negative con-
trol) in one experimental session, and each test scssion was repeated (=1 day
between replications). The ficlds were uniform throughout the animal’'s body,
thereby permiiling an accurale characterization of its strength at the location of the
clectrogenic protein, wherever il occurred.

We avoided the use of ANOVAs 1o obviate the possibility that averaging the
results across the subjects might obscure a real effect if’ the subjects reacted differently
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from one another. Instead, we acquired multiple independent trials of brain activity,
each containing a stimulus (or sham stimulus) and control epoch, and the effect of the
stimulus was evaluated in each animal. The stimulus was applied for 2-s epochs, with a
variable inter-stimulus period (5-11-s, varied randomly). The first 30 ms of each field-
exposure epoch was removed to climinate the field-onset spike in the electro-
encephalogram (EEG) and the remaining signal was filtered at 0.3-35Hz; these
precautions were taken in all subsequent studies involving the effects of fields on brain
glectrical activity (Bell et al., 1991, 1992a, 1994a,b, 1996; Marino et al.,, 1996, 2002,
2003, 2004; Carrubba et al., 2006, 2007a,b, 2008). Fourier transforms were performed
on all 2-s stimulus epochs and their corresponding control epochs (the 2-s period
immediately preceding the stimulus) (N=200). The Fourier analysis of each epoch
yielded 39 dependent variables consisting of the power at 1-20 Hz (units of pV?) in
increments of 0.5 Hz, each of which was compared between the stimulus and control
epochs under conditions such that the family-wise error rate for the decision that a
rabbit detected the field was p < 0.05.

Sixty-seven percent of the rabbits detected the light stimulus and none detected
the sham stimulus. All of the rabbits tested detected the 1-G, 5-Hz magnetic field,
but not the other two fields. The rapidity and circumstances of the effect (observed
during 2s of stimulus presentation in the context of multiple independent trials
on the same animal) suggested that the effects were a result of sensory transduction
(because other known forms of signal detection would have been too slow), When
the EEG measurements were repeated after the rabbits had been killed, the results
showed that the 5-Hz effect could not be attributed to an induction artifact.

A major shortcoming of the study was the assumption that any real effect in any
specific animal was necessarily consistent. The assumption was made tacitly when we
chose to use the 7 test to compare the average spectral power between groups.
Mathematically, the assumption was that any change in the Fourier coefficient at a
particular frequency would be more or less identical from trial to trial. The problem
generated by this assumption was ultimately appreciated and eliminated (see the
Nonlinear Studies section below).

Normal Human Subjects

Our initial human studies were performed to determine whether frequency-specific
responses also occurred in the human brain during EMF exposure (Bell et al., 1992a).
We measured the electroencephalogram (EEG) from C3, C4, P3, P4, Ol, and O2
(International 10-20 System, referenced to linked ears) in 19 subjects; this electrode
configuration was used in all subsequent human studies (Beli et al., 1991, 1994a,b;
Marino et ak., 1996, 2004; Carrubba et al., 2007a,b, 2008). As with the rabbits, each
subject served as his own control, the spike artifact in the EEG due to field onset was
eliminated, and the results were protected against family-wise error. Using 0.2 and
04G at 1.5 and 10 Hz, we found altered brain activity at the stimulation frequency
during exposure in each subject. The effect was more likely at 10 Hz compared with
1.5 Hz, and more likely at 0.4 G compared with 0.2 G (Bell et al., 1992a).

To study the effect of a field whose frequency was not significantly present in the
EEG, we exposed subjects to 250-500 mG, 35-40 Hz for 2-s epochs (inter-stimulus
period 5-11 s), and compared the spectral power measured during exposure with that
measured during the inter-stimulus period in 50 independent trials for each subject
(Bell et al., 1991). The control for each field epoch was the immediately preceding 2-s
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period. The criterion for concluding that a subject had detected the field was that it
produced at least 2 bilateral successes (statistically significant difference between
exposed and control epochs) in at least one pair of electrodes, provided that those
changes were in the same direction (family-wise error p < 0.02). We found that 7 of
14 subjects responded to the EMF, as evidenced by statistically reliable changes in
the spectral power at specific frequencies. No false-positive results were seen when
the entire procedure was repeated using sham exposure. .

The 50% detection rate for a field that had no physiological significance gen-
erally supported our theory (Fig. 1), but raised the question of why half the subjects
had apparently not responded to the field. We therefore performed replicate studies
but using 60 Hz, which we reasoned might yield a higher detection rate because the
population has been preconditioned to fields at this frequency since the development
of commercial power systems (Bell et al., 1994a). We employed 0.78 G, 60 Hz, in the
presence and absence of 0.78 G, DC. Each of 20 subjects underwent a block of trials
involving exposure to the DC field (Bpc), the 60-Hz field (Bsc), combined fields
{Bpc+ac), and a sham field. A trial consisted in the presentation of the field for 2s,
followed by a 5-s field-off interval; the control epoch for each field epoch was the
immediately precedmg 2.5 interval.

The Fourier coefficients at 1-18 Hz were analyzed; the criterion for accepting an
effect due to the presentation of the field was that it resulted in at least 2 bilateral
successes in at least one pair of electrodes (family-wise error rate, p = 0.04), Bpc,
Bac, and Bpc.y ac were detected by 7, 15, and 13 subjects, respectively. Overall, 19
of the 20 subjects tested responded to at least one of the fields studied. Both increases
and decreases in field-induced activity were observed, depending on the Fourier
frequency. No effects occurred with the sham field.

A major question raised by the two previous studies (Bell et al., 1991, 1994a)
involved the interpretation of the negative results that occurred in 35% ([7+ 5]/
[14 4+ 20)) of the subjects studied. One possibility was that the non responders were
inherently insensitive to the field (true negatives), thereby suggesting that sensitivity to
EMFs was not a general human trait. In our next study, therefore, we measured the
false-negative rate of our method for detecting stimulus-induced effects in the EEG,
using the reaction to light as the gold standard (Marino et al., 1996).

Each subject underwent a block of trials that included stimulus (either light or
magnetic fields) and control epochs. A trial consisted of the presentation of a sti-
mulus (or a sham) for 2s, followed by a 5-s stimulus-free interval. Only 11 of 28
subjects detected the light (p < 0.05 for each subject), whereas all the subjects
reporied that they had seen the light, which necessarily implied that brain electrical
activity had been altered. Thus, the results indicated that the false-negative rate of
the method when used to detect light-induced changes in the EEG was 61% (Marino
et al.,, 1996). In 19 other subjects, 11 detected 0.8 G (either 1.5 or 10Hz) corre-
sponding to a non response rate of 42%. Overall, these results indicated that the true
detection rate for low-frequency EMFs was probably hlgher than the 50~75% that we
had observed in our studies.

Several additional reports involved the sensory response of the human brain to
EMFs (Heusser et al., 1997; Lyskov et al,, 2001; Stevens, 2007). A composite EMF
stimulus (17mG, 8-12Hz, and 25mG DC) decreased the global field power
(a measure roughly equivalent to the spatial standard deviation of the EEG from 12
scalp locations) during field exposure in a study group of 20 subjects (P = 0.06,
Wilcoxon signed rank test) (Stevens, 2007).
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In a second study, the relative spectral power measured in 62 subjects during
exposure to 350mG (rms), 3 Hz, was compared with pre-exposure levels (Heusser
et al., 1997). The induction artifact associated with application of the field was mini-
mized by slowly ramping the field, which was applied for 20 min. Comparisons were
made between the pre-exposure levels, each of four 5-min successive intervals during
exposure, and the 5-min period following cessation of exposure. Of the 30 planned
comparisons (5 E-C conditions X 2 electrode locations (left and right side of the
head) x 3 frequency bands (theta, alpha, beta)), 4 were statistically significant. The
probability of 4 successes due to chance (pair-wise significance p < 0.05) in 30 tests is
p = 0.06. Consequently, as the authors recognized, the results may or may not indicate
the true occurrence of a field-induced change in the EEG. Moreover, since most of the
significant tests were associated with =20 minutes’ exposure, they were probably not
relevant to sensory (as opposed to general metabolic) changes in the BEG.

The study (Heusser et al., 1997) illustrated the quandary faced by an investigator
who does not have a hypothesis regarding the nature of the effects of EMFs on the
EEG. .In such cases the experimental plan invariably calls for the performance of
numerous statistical tests involving multiple dependent parameters that characterize
brain activity. Usually, some tests are pair-wise significant but their meaning is dubious
because of a lack of protection against family-wise error (the alternative explanation
that the pair-wise significant effects were all due to chance). Even worse, if one regards
the family-wise error rate as sufficient for indicating the occurrence of an effect, it is not
possible to identify specific effects. In the present study, for example, the significances
occurred in theta on the left side after 5-min exposure, in beta on the right and left side
after 20-min cxposure, and in beta on the right side following exposure. Even if one
could validly conclude that brain electrical activity was affected, there would be no way
to decide exactly what was affected or when.

In a third study, the relative spectral power in the resting EEG was unaltered
during exposure to 100 mG, 60 Hz in normal subjects and in self-selected electrically
hypersensitive subjects (Lyskov et al., 2001); the results were also negative when the
exposures were repeated while the subjects performed an arithmetic task. The small
applied field, non stationarity of the EEG, inter-subject variations, and the use of a
3.way ANOVA, individually and in combination are reasonable explanations for the
consistent negative results.

As part of the power industry’s assessment of potential health risks due to the
electric and magnetic fields of high-voltage powerlines, investigators studied the effect
of these fields on evoked potentials in subjects who were simultaneously exposed to
visual or auditory stimuli (Graham et al,, 1987, Cook et al.,, 1992; Graham ¢t al,,
1994). In one study, 9kV/m and 200mG were applied together while the subjects were
presented with visual or auditory stimuli in the context of target-detection tasks (the
- oddball paradigm) (Cook et al., 1992), The visual stimulus was light from a red/green
light-emitting diode, and the auditory stimulus consisted of high- and low-pitched
tones; the stimuli (50 ms in duration) were presented 140 times, and the EEG from C,
(10-20 System) was averagéd to characterize the auditory (AEP) and visual (VEP)
evoked potentials. The infrequent target stimuli (20% high tones or red lights) were
randomly interspersed among the non target stimuli (80% low tones or green lights),
and the amplitude and latency of the P300 wave of the evoked potential were com-
puted for each sensory modality for target and non target stimuli, before, during, and
after both field exposure and sham exposure. The field altered the non target AEP
amplitude during and after exposure, but had no cffect on latency., There was no
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effect on VEP amplitude either during or after field exposure, but there was a reduction
in latency during field exposure (Cook et al., 1992).

In another study, three groups of subjects (18 per group) were exposed to 6kV/m
and 100mG, 9kV/m and 200 mG, {2kV/m and 300 mG, respectively (Graham el al.,
1994). Significant alterations in the latency and amplitude of the AEP were found in
the low- and medium-strength fields, but not in the high-strength field. However, the
effects occurred at N200-P300 in the evoked potential, not at P300 as in the earlier
study (Cook et al., 1992).

Counting their initial unpublished results (Graham et al., 1987), the investigators
reported some kind of field-induced effect on brain potentials evoked by light or
sound in three studies, However, several factors undercut the reliability of their
observations. First, the data was embedded in a highly complex set of screening
studies involving numerous neurophysiological parameters, and it is difficult to have
confidence that their post-hoc data-mining approach yielded anything other than
chance associations. On the other hand, roughly parallel changes were observed in
three separate experiments, and the work was performed under contract to industry-
related groups (which would be predisposed in favor of negative data). Conse-
quently, the experiments probably furnish modest support for the proposition that
field exposure affected cognitive brain processing as reflected in changes in brain
potentials evoked by other stimuli.

Patients with Epilepsy

If brain electrical activity is altered in the presence of an EMF, it is reasonable to
suspect that the effect would occur in subjects with cpilepsy because their brain
electrical activity is labile and vulnerable to changes caused by imperceptibly subtle
internal and external faclors. This possibilily was investigated in a series of studies
involving exposure of subjects with mesial temporal lobe epilepsy (MTLE) who were
stimulated with 1-40 G (Fuller et al., 1995, 2003; Dobson et al., 2000a,b). The ficlds
were applied for a fixed interval in multiple independent trials, and the distribu-
tions of the anomalous spikes characteristic of epilepsy that occurred during the 10-s
intervals before and after the exposure interval were compared (Fig. 2a}. In the first
study, 6 of 7 subjects showed significantly higher levels of epileptiform activity
following field exposure (Fig. 2b) (Fuller et al., 1995). Similar results were claimed in
a sccond study, but the experimental protocols were complex {many combinations of
ficld strengths, durations of field exposure, and times between independent {rials),
and only 3 subjects were studied {Dobson et al., 2000a). In a third study, 5 of 10
subjects suffering from MTLE exhibited a significant { p << 0.05) response to the field
(Dobson ot al., 2000b). When these results were averaged over all the subjects, no
field effect was found. In a fourth study, an increasc in epileptic activity following
field exposure was observed in 1 of 3 subjects, and a progressive increase in epileptic
activity may have occurred during what had previously been assumed lo be inde-
pendent trials (Fuller et al., 2003).

The investigators concluded that they had demonstrated field-induced changes in
the EEG from MTLE patients, and that may indeed have been the case. However,
they did not discuss the limitations of their conclusion. First, although they used scalp
clectrodes, it appears their mosl quantilatively reliable data was oblained from
implanted eclectrodes that monitored the hippocampus. The possibility that the
observed effects arose from current induced in the electrodes and delivered deep in the
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Figure 2. Exposure of a subject with mesial temporal lobe epilepsy to DC magnetic fields. (a)
Experimental design. The subject was exposed to the field for a predetermined interval (1} and
the epileptiform activity that occurred during the 10-s intervals before (B) and after (A)
exposure were compared in multiple independent trials in each subject. (b) Typical result,
showing the number of epileptiform discharges in A and B in subject WB (Fuller et al., 1995);
control activity is shown for the 10-s interval prior to field application (cumulative results for
27 trials).

brain was not discussed. The authors manually switched on and off the magnetic field
for the express purpose of minimizing consequences of Faraday induction but they
neither evaluated the effectiveness of this precaution nor applied it in all experiments.

The investigators used terms “increased” and “decreased” to refer to statistical
decisions (p < 0.05) and also to quantitative data that had not been evaluated statistically,
which sometimes makes it difficult to ascertain which inferences were justified statistically.
Also, they employed complex exposure protocols involving different field strengths but
did not explain why they thought that the results could be combined for analysis.

The authors favored the view that the effect on epiléptiform activity arose not
from the presence of the field but from the fact that it was switched on and off.
However, given their experimental design (Fig. 2a), it is equally possible that the .
effect could have been due (wholly or partly) to the presence of the field. In the study
in which both individual and group analyses were performed (Dobson et al., 2000b},
they found that the individual effects were averaged away when the subjects were
analyzed as a group. This result is consistent with an inference that the effects were
nonlinear, but it could also be explained by assuming that the effects were linear but
weak, and hence were not averaged away but simply diluted by the 50% of the
subjects who did not show statistically significant results.

Nonlinear Studies
Initial Reports

The principal shortcoming in the studies described above was the assumption by
the investigator, almost always made tacitly, that any real effect associated with

Schedule DS-12
Page 8 of 19



Electromagnetic Fields and Brain Electrical Activity 91

presentation of an EMF stimulus would be consistent from trial to trial. When we
recognized that this assumption was unwarranted and probably incorrect, we began
analyzing the effects of EMFs on brain electrical activity using mathematical tools
that had been developed for studying nonlinear systems. These methods, phase-space
embedding followed by caleulation and quantitation of -the corresponding recur-
rence plot, permitted us to capfure the deterministic activity in the EEG caused by
the stimulus (regardless of whether it was an increase or a decrease) prior to com-
paring means in a statistical analysis. The basic mathematical techniques and the
tailoring necessary to apply them to the analysis of the EEG are described in detail
elsewhere {Carrubba et al., 2006).

Rabbits were exposed to 2.5G, 60 Hz, using a set of coils that ensured the field
was uniform throughout the animal’s environment (Marino et al,, 2002). The field was
applied for 2s (E epoch) followed by a field-free period of 5s (minimum of 60 trials).
The procedure was repeated using light as the stimulus (positive control). The signal
from the last 2s of each trial was used as the control {C) epoch for the corresponding E
epoch. The signal from the 2s preceding the C epoch was defined as the sham (S)
epoch and was analyzed statistically relative to C to evaluate the possibility that any
positive results might be aitributable solely to our analytical method.

The induction artifacts (approximately 30 ms at onset and offset of the field) and
trials containing movement artifacts were removed from the recorded voltage. The
remaining trials were embedded in a 5-dimensional space with a time delay of !
point. Recurrence plots were then produced for the E, S, and C epochs in each trial,
and the plots were quantitated using percent recurrence (%R) and percent deter-
minism (%D), which, respectively, represent the number of recurrence points in the
plot and the percentage of the recurrent points that fell along diagonal lines (Webber
and Zbilut, 1994),

We first evaluated the data from one rabbit, using a discriminant procedure to
optimize our ability to detect an effect. Corresponding segments of the stimulus and
controf epochs of the EEG (E and C, respectively) were systematically compared
using the Wilcoxon signed rank test to identify the portion of the signal that was
most responsive to the field (window). In this manner we localized the effect of the
field to a 250-ms segment centered at 250 ms after commencement of the field. In a
similar manner, we determined that the response to the light stimulus occurred
within a 266-ms interval centered at 175ms after the light was applied.

The windows in the E epoch thus identified were studied prospectively in nine
additional rabbits to analyze the effect of application of each of the stimuli. In each case
the nonlinear quantifiers (%R and %D) were significantly greater (family-wise p < 0.05)
in the E epoch segment, and there were no cases of false-positive results (assessed by
comparing the sham and control segments) (Marino et al,, 2002). The entire experiment
was repeated three times for each rabbit and the results were identical.

To study the effect of the level of consciousness on the ability of the stimuli to
affect brain electrical activity, we repeated the experiments following induction of
anesthesia. The previously observed effect of the field on the EEG was absent in all
rabbits; in contrast, anesthesia had no effect on the EEG changes caused by light.
After the animals were killed the field experiments were repeated. The input signals
-to the EEG amplifier were analyzed as previously, and we found that %R and %D
were essentially zero, independent of the presence of the field.

The reproducibility and consistency of the results far exceeded those of any
previously reported study involving the biological effects of electromaguetic fields.
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We attributed this consistency to the use of nonlincar analysis because we found
that lnear analytical methods were not capable of evidencing field-induced effects in
the EEG. '

The coil arrangement used in the study (Marino et al., 2002) produced fieids that
varied by less than 5% throughout the region occupied by the rabbit; we therefore
knew that the field at the location of the clectrogenic protein was 2.5G, 4= 5%, cven
though we did not know its anatomical location. One possibility was that electro-
reception oceurred throughout the body as, for example, in somatosensory {rans-
duction. Alternatively, electroreception might have been localized, such as for the
special senses. To heip choose between the two possibilities we modified the coil
arrangement so that the average magnetic fields in the cranial and caudal half of the
rabbil were maximally different (Marino et al., 2003). Exposure of the cranial half of
the animal resulted in effects on %R and %D in each case as previously (with one
exception), with no false-positive results. When the experiment was repeated with the
cranial half in the low-ficld region and the caudal half in the high-field region, no
effect ot the EEG was observed. When the field was localized to the head, the effects
on determinism in the EEG described above were again secen. When the field was
further localized 1o the eye, the effects did not occur. Taken together, the results can
be interpreted to indicate that EMF transduction occurred somewhere in the head,
probably the brain.

Employing conditions of analysis similar to those described in connection with
the rabbit studies (Marino et al., 2002), we measured the response rate of normal
human subjects 1o a low-strength, low-frequency magnetic field (Marino ¢t al.,
2004). Eight subjects were exposed 1o a series of trials consisting of the application of
1 G, 60 Hz, for 2s, followed by a field-free period of 55, and the EEG was analyzed
statistically using phase-space methods 1o assess whether the subject detected the
ficld. As we had done with the rabbits, we used a discriminant procedure in the {irst
subject to locaie the epoch-segment windows that maximized the effect of the sti-
mulus, and then applied those windows prospectively to comparc Evs. Cand Svs. C
in the remaining subjects. The criterion for accepting the conclusion that a stimulus-
refated change in brain activity actually occuired was that the field resulted in at
least 2 significant differences from among the 6 EEG derivations (family-wise error
p < 0.05). As in all our previous studies, we removed the 30-ms portion of each trial
after field onset and offset, and deleled trials thal contained movement artifacts
(<<5% of all trials).

We found that a 190-ms window centered at 215 ms after commencement of the
field yiclded the lowest p value for B vs. C (C segment centered at 5.215s, width of
190 ms) when p was not significant for S (3.215s, width of 190 ms) vs. C. When the
190-ms window was shifled 30 ms earlier or later, the E vs, C comparison was nol
significant, indicating thai the subject’s response started at aboutl 100 ms. The win-
dow width and location thus determined were then applied prospectively to 7
additional subjects in 7 independent experiments to ascertain the cffect of exposure,
and significant { p < 0.05) differences in %R and %D were found in each experiment
(Marino et al., 2004). Light was also detected by all the subjects (190 and 175 ms for
width and center location, respectively). No false-posilive comparisons were found
when the same mathematical procedures were used to compare sham-exposed and
control segments.

The 100% response rate to EMFs manifested by the human subjects (Marino
¢t ak, 2004) was similar to the results found with the rabbits (Bell et al., 1992b),
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suggesting that the ability to detect low-strength EMFs is a comnmon property of the
mammalian nervous system.

Recent Reports

Although the nonlinear method successfully showed that essentially all rabbit and
human subjects exhibited altered brain activity when an EMF was presented (Marino
et al., 2002, 2004), the way we implemented the nonlinear approach superimposed on
each study subject a specific latency and duration of response that could be observed.
We therefore modified the method so that the latency or duration of the response were
not fixed in advance of the application of the field, but rather were determined for
each subject with the requisite degree of statistical reliability; the details are given
elsewhere (Carrubba et al., 2006),

Employing the improved procedure, we found that evoked potentials caused by
onset or offset of the field (2G, 60Hz) occurred 109-454 ms after the stimulus
application, depending on the subject; the evoked potentials were detected in the
occipital electrodes in 16 of 17 subjects (family-wise error rate, <0.05 in each case)
(Carrubba et al., 2007a). The potentials, which consisted of statistically significant
increases or decreases in the nonlinear quantifiers, could not be detected when the
EEG was analyzed by time averaging, indicating that occurrence of the potentials
was nonlinearly related to presentation and removal of the field.

Several considerations led to the conclusion that the observed effects were true
post-transduction changes in brain electrical activity triggered by the magnetic sti-
mulus, that is, magnetosensory evoked potentials (MEPs): (1) The alternative expla-
nation (that the effects resuited from interaction between the field and the scalp
electrodes) was ruled out because the observed MEPs occurred several hundred ms
after the stimulus (typical latency for evoked potentials); (2) sensory evoked potentials
are typically produced by both onset and offset of a stimulus, and both responses were
observed with EMFs; and (3) inter-subject variation in latency (within a well-defined
range) was seen, as is the case with all known types of evoked potentials. It followed
for all these reasons that the observed changes in brain electrical activity were
true MEPs.

Nonlinear systems do not follow the law of superposilion, and therefore their
reaction to change in external conditions cannot be precisely predicted. If the MEPs
{Carrubba et al., 2007a) were nonlinear, the brain electrical response exhibited by
human subjects would be expected to differ even when the experimental conditions
were replicated. We tested this hypothesis by comparing a subject’s response to a weak
magnetic stimulus at two times, separated by at least one week (Carrubba et al,,
2007b). Eight clinically normal subjects were exposed to 1G, 60 Hz applied for 2s,
with a 5-s inter-stimulus period, and EEGs were recorded from O1 and 02 (Inter-
national 1020 System) and analyzed as described previously (Carrubba et al,, 2007a)
to detect the onset MEP, Using nonlinear analysis, MEPs were detected in all subjects
in the initial series of studies, and in all but one subject in the replicate studies (Fig. 3)
{Carrubba et al., 2007b); no MEPs were detected using linear analysis. With one
exception (Fig. 3, S6), the MEPs observed in the initial studies were also observed in
the replicates. However, the refation of the determinism in the replicate (the law-
governed dynamical activity reflected in the recurrence plot and characterized by the
quantifier %R) to that in the original MEP differed significantly from subject to
subject. The replicate MEP was manifested as a consistent increase in %R in S1 and
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Figure 3, Detection of magnetosensory evoked potentials (MEP) in initial and replicate studics,
using recurrence analysis. Latency and duration in each subject are indicated on the time axis.
Bar graphs indicate the mean of the MEP (average of the significant points in the %R time series);
black and white bars correspond to onset and control epochs, respectively (SD not resolved at
scale presented). S1-8, subjects 1-8. ND, not detected (Carrubba et al., 2007b).

S4, a consistent decrease in S3, and as inconsistent differences in the other subjects
which included 3 subjects who first exhibited a decrease and then an increase (82, S7,
S8) and one subject who responded oppositely (85). Thus, the MEPs detected in this
study were inconsistent, as predicted. Only a system governed by nonlinear laws can
exhibit such a pattern of response.
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Given that the effects of EMFs on brain electrical activity were nontinear in
origin (Carrubba et al., 2007a,b), it became necessary to reevaluate how the scientific
requiremeni of reproducibility should be formulated because, in distinction 1o linear
systems, cousislency in the magnitude and direction of a stimulus-response rela-
tionship are not general propertics of nonlincar systems. We therefore developed a
procedure for demonstrating the consistent occurrence of changes in magnetosen-
sory evoked potentials (MEPs) in individual subjects exposed to a magnelic field
(Carrubba ct al., 2008). In these studies, the magnetic ficld was applicd for only
50 ms, and the MEPs were recorded during the interstimulus period. Alter all con-
ditions that affected the analysis of the EEG in association with the presentation of a
stimulus were specified in advance, we detecled MEPs in all 15 subjects (p < 0.05 in
cach experiment) (Carrubba ct al., 2008). The MEPs occurred within the predicted

~ latency interval, were independent of the frequency and direction of the field, and

were not detected wsing the traditional linear method of analysis, time averaging.
When the results obtained within subjects were averaged across subjects, the evoked
potentials could not be detected, indicating how nonlincar phenomena can be
averaged away when incorrect analytical procedures are used.

Metaholic Studies

The studies discussed above were designed to test the hypothesis that EMFs were
transduced by the sensory system (Fig. 4a) or were at least pertinent to that
hypothesis (Fig. 4b). Another group of studies invoived an attempt to delermine
whether field exposure resulted in a generalized metabolic effect that was reflected in
brain electrical activity (Fig, 4¢). For example, we compared the 10-Hz power in the
occipital EEG one minute after 10 min exposure to 1 G, 10 Hz, with the pre-exposure
10-Hz power (Bell et al., 1994b) and found that the power was significantly reduced.
Thus, after 10min exposure, brain electrical activily was reduced immediately
following the exposare—for whatever that means.

When the average relalive spectral power in 20 subjects before and after expo-
sure for 1 h 1o 12.6 G, 45 Hz was compared, changes in various frequency bands were
seen, depending on the electrode derivation (Lyskov et al., 1993); the effects occurred
when the field was applied intermittently (1s on and 1 s off), but not when it was
applied continuousiy. This result was consistent with the idea that the body recog-
nized the onsct and/or offset of the ficld (as opposed to its presence); however, the
data was not protected against the possibility of family-wise error.

Investigators exposed subjects to complex, therapeutically motivated pulses
whose salient features were an amplitude of 1.4 G (rms), a width of 853 ms, and a
variable inter-stimulus period (110-1200ms) (Cook et al., 2004, 2005). Occipital
alpha power was increased after 15 min exposure (Cook et al.,, 2004). The investi-
gators were unable to replicate their observation, but did report a decrease in alpha
power in the context of a complicated exposure procedure {Cook et al., 2005).

The major limitation of these studies (Cook et al., 2004, 2005) was the absence of
consideration of the family-wisc error in the statistical analysis. In each experiment,
several hundred complex ANOVAs were performed; conscquently, the several
statistically significant results found could reasonably be altributed to chance. On
the other hand, it scems statistically improbable for chance results 1o occur in two
independent experiments in the same clectrodes (occipital) at the same Fourier
frequencies (alpha).
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Figure 4. Distinction between sensory and metabolic studies. (a) A comparison between
exposed (E) and control (C) epochs permits statistical evaluation of the hypothesis that the
onset (or offset) of the field causes evoked potentials. (b) Comparison of auditory (or visual or
somatosensory) evoked potentials in the presence and absence of a field permits statistical
evaluation of the hypothesis that fields alter ongoing sensory processing. (¢) Comparison
of brain activity before and after a period of EMF treatment can establish that the field causes
an effect on body metabolism but is not directly probative with regard to the responsible
biological processes.

When subjects were exposed for 90min to 50 Hz, 280 and 560mG (ms), alpha
activity from Oz was significantly increased (176%, p < 0.05) at the higher field in
15 subjects but was unaffected in 10 subjects exposed to the lower field (Ghione et al,,
2005). The difference in absolute alpha might have been real, but several pertinent
considerations suggested otherwise, First, the authors did not present the results for
relative alpha power; although it was not a planned comparison, it could have helped
in the interpretation of the results. Second, the results were inconsistent with other
dependent variables measured by the investigators (for example, an effect on hyper-
analgesia was observed at the lower field strength but not at the higher field strength).

Several studies involved the effect of EMF exposure on brain activity during sleep.
Sleep is divided into stages defined principally by the frequency content and pattern of
the EEG. The deepest sleep levels (stages 3 and 4) are characterized by the presence of
prominent delta waves (slow-wave sleep). Exposure of 18 subjects to 50 Hz, 10mG,
significantly reduced the duration of slow-wave sleep (fraction of the sleep period
during which the subjects were in stages 3 and 4) (Akerstedt et al., 1999). In another
study, however, exposure to 60 Hz, 283 mG had no effect on slow-wave sleep (Graham
and Cook, 1999). Not surprisingly, there were numerous differences between the two
studies that could have accounted for the differing results.

The metabolic effects of EMF treatment on the response to visual and auditory
stimuli has been evaluated for several different purposes. In studies undertaken as
part of a health assessment of power-frequency magnetic fields, investigators assayed
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many electrophysiological variables in subjects exposed to 1 G, 50 Hz (Crasson et al.,
1999; Crasson and Legros, 2005). In the first study (Crasson et al., 1999), the inves-
tigators reported that the amplitude of the N1 wave in a specialized AEP paradigm
(dichotic listening task) and the P300 latency in a visual discrimination task were
altered after magnetic-field exposure. However a large number of 2-way ANOVAs
were performed, only a few of which were statistically significant. The second study
(Crasson and Legros, 2005) was conducted specifically o test the hypothesis that the
original observations were real, however none of the expected effects were found.

The possible explanations for the generally negative results of the first were listed
(Crasson, 2003): (1) differences in the functional state of the nervous system; (2)
differences in individual sensitivity; (3) the possibility that the effect was simply small
and was lost in the noise. However, the most reasonable explanation was that the
relationship between the applied field and the neurophysiological response was
nonlinear, and consequently was unlikely to be detected using linear analysis,

In another biohazard study (Lyskov et al., 2001), exposure to 100 mG, 60 Hz, for
10 min did not alter the fundamental frequency in the Fourier representation of the
visual evoked potential (flickering video display, refresh frequency, 60 Hz), on
average, in either normal subjects (8.1 &:4.5Hz and 7.9 & 4.1 Hz before and after
exposure, respectively) or in 20 self-selected electrically hypersensitive subjects
(9.4 +8.1 Hz and 9.1 & 6.9 Hz) (Lyskov et al.,, 2001}, The experimental design was
based on a 3-way ANOVA, which may have been insufficiently sensitive for
detecting changes in the VEP.

Pain-related somatosensory evoked potentials obtained before and after 2-h expo-
sure to 0.7 G, 0.03-0.07 Hz were compared (Sartucci et al,, 1997); the field-generating
apparatus had been desigoed to study the effect of earth-strength magnetic fields on the
homing ability of pigeons. The amplitudes of the P150 and P250 waves were reduced
after exposure, but the waveform latencics were unaffected. The difficulty with the
results involved the statistical analysis. For example, the reported amplitudes (& SEM)
of the P150 waves (in pV) were 6.3+ 1.2 and 4.8 0.8 before and after exposure,
respectively. The investigators claimed that these means differed at p < 0.05; however,
the two-tailed p value for this data is p = 0.31. A similar problem occurred for all of the
reported evoked-potential data,

Event-related potentials (visual oddball task, 9 EEG channels) were measured
before and after 20-min exposure to 20G, either 5Hz or 20Hz (Wei et al,, 1997).
A reduction in P300 latency was reported after 5-Hz but not 20-Hz stimulation,
in some of the electrodes. However, the results were not protected against family-
wise error.

Discussion

The seminal question regarding the effects of low-frequency electromagnetic fields is
whether their presence is detected by the body. If so, then the diverse biological
effects, attributed to EMFs might all be deterministically explainable within the
broad biological theory of stress. If not, EMF-induced biceffects are not logically
possible, We theorized that the detection process was sensory transduction. When-
ever stimulus-induced changes in brain activity are observed, cognitive processing of
stimulus-related information, hence transduction of the stimulus, can reliably be
inferred. It was with an intent to argue in this manner that we performed a series of
studies on animal and human subjects regarding the effects of EMFs on brain
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electrical activity (Bell et al., 1991, 1992a.b, 1994a,b; Marino el al., 1996, 2002, 2003,
2004; Carrubba et al., 2006, 2007a,b, 2008). Other investigators conducted similar
studies for their own purposes, and those studies were included in this review.

From a dynamical perspective the changes in brain activity triggered by EMFs
could have been linear or nonlinear; but like poor Oedipus who did not know who he
was, we did not know which model was correct. In our initial studies we assumed a
linear model and found a stimulus-response relation between EMFs and brain
electrical activity; but we could demonstrate this relation in only some subjects
(Bell et ab., 1991, 19924,b, 1994a,b; Marino et al., 1996). Other investigators who also
assumed a Hinear model found resulbts that were generally in accord with ours, namely
some subjects responded, some did not, and atl least some of the non-responders
could probably be explained by a lack of sensitivity of the analytical method (Fuller
et al., 1995, 2003; Dobson et al., 2000a,b). Although a linear model was incorrectly
assumed in both groups of experiments, the further error of averaging the data over
all subjects was avoided. In six other studies where the dala was averaged across the
subjecls, a recognizable patiern regarding the meaning of the results did not emerge
(Grahdam et al., 1987, 1992, 1994; Cock et al., 1992; Heusser et al,, 1997; Lyskov
el al., 2001; Stevens, 2007); such inconsistency is normal in all areas of EMF biology
whenever the data is averaged in that manner.

When the effects of EMFs on brain electrical activity were analyzed using
mathematical tools that had been developed for studying nonlinear systems, it became
possibie to caplure the deterministic activity in the EEG caused by the stimulus
(regardless of whether it was an increase or a decrease) prior Lo comparing means in a
statistical analysis. Capturing the effect of the stimulus prior rather than subsequent to
averaging the data was the key step thai enabled us 1o overcome the problem that we
identified, and allowed us to show that EMFs were consistently transduced by
essentially alt the animal and human subjects {Marino et al., 2002; Carrubba ct al,,
2007a). We showed that a fundamental cffect of an EMF stimulus is the triggering of
onset and offset evoked potentials in the brain (Carrubba et al, 2007a), and we
described a procedure by which their presence can be demonstraied consistently, in
every subject, with the requisite statistical reliability (Carrubba et al., 2008).

The various meanings of “nonlinear” are discussed clsewhere (Marino and Frilot,
2003). As used here, the term refers to the nature of the Iaw that governs brain electrical
aclivily when the brain is cognitively processing EMF-stimulus-related information. if
a process is “nonlinear,” some counter-intuitive (at least to some investigators) phe-
nomena can properly fall within the realm of science (law-governed activity), for example
phenomena that are “inconsistent”™ with regard to various pertinent characteristics
(Fig. 3). It is crucial to recognize that the scientific requirement of reproducibility applics
wills full force to nonlincar EMF phenomena. Propetly applied, “reproducibility” sinaply
means that the EMF stimulus affecled brain activity—there is no further condition
regarding, as examples, magnitude. or direction of the change.

After the first concerns that man-made electromagnetic fields in the environment
might be a hazard to public health were raised almost 40 years ago (Becker, 1972;
Adey, 1976), the main counter-argument was that the reported EMF-induced bioeffects
were inconsislent, thereby indicating only the existence of inconspicuous experimental
errors, not real biclogical processes. There never was any reliable evidence that the
argument was true. Now, there is clear evidence the argument is false; magnetosensory
evoked potentials elicited by EMFs can be delected in essentially every subject
examined when the proper form of analysis is used {Carrubba et al., 2008).
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The results of the metabolic EMF studies do not materially advance our.
understanding of EMF biology. Perhaps EMFs can alter spectral power (Lyskov
et al,, 1993; Bell et al., 1994b; Cook et al., 2004, 2005; Ghione et al,, 2005), sensory
evoked potentials (Sartucci et al,, 1997; Wei et al., 1997; Lyskov et al., 2001), or
brain activity during sleep (Akerstedt et al, 1999; Graham and Cook, 1999).
Focused, hypothesis-driven studies having appropriate statistical designs are needed
to verify and establish the validity of these ideas.

In closing, we think it appropriafe to speculate on how and why human subjects
respond nonlinearly to EMFs. Electric and magnetic receptors that facilitate finding
food, avoiding predators, and navigating in the environment occur in lower life forms
(Wachtel and Szamier, 1969; Manger and Pettigrew, 1996; Walker et al., 1997). We
previously described a biophysical process that could explain how EMF transduction
occurs in these species (Kolomytkin et al., 2007); vestiges of this detection system
might still exist in human beings, Evolutionary considerations also suggest a reason
that the MEPs were nonlinear, The processes responsible for the linear correspondence
between stirnuli such as sound or light and the cognitive responses they induce resulted
from evolution by natural selection, leading progressively to physiological linear
sensory systems because consistency conferred a selective advantage. Conversely, in
the absence of natural selection there is no process by which the phenomenon of
consistency in response to a stimulus can come about. Compared with their present-
day levels, EMFs were negligible throughout the period of evolution of life on earth,
and consequently, a physical mechanism capable of producing a linear response did
not develop. In this view, the existence of a nonlinear human magnetic sense could be
a vulnerability in the molecular machinery chosen by evolution to mediate other
sensory modalities because any physical realization of a sensory system for one kind of
stimulus is unlikely to be completely immune to all other kinds of inputs (Nesse and
Williams, 1998).
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